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DUCTLESS GLAND CELL 

CONTROL 

In this day of exact knowledge, it is only natural that the 
medical profession is giving a large share of its attention to the 
still unsettled question of the functions of the ductless glands. 
How wide the field of activity is can be realized when the litera- 
ture upon the subject is consulted. Illustrative of this is Biedl's 
monumental work, "Innere Sekretion/' ip. which one hundred and 
forty-five pages are devoted to references alone. The inter- 
relationship of the ductless ^ands makes it quite difficult to 
separate the individual functions and furthermore certain of 
the glands seem to exercise both a stimulating and inhibitory 
action. The wonderful influence the ductless glands have on 
growth and metaboUsm is shown in the disease, Cretinism. The 
influence of the thyroid gland on the nervous system is well illus- 
trated in the latter disease and exophthalmic goiter. 

Today we are able to recognize diseases due to slight devia- 
tions from the normal functioning, thus speaking well for the 
progress made in this incomplete work. Since Brown-Sequard's 
first conscious effort to utilize testicular extract for therapeutic 
purposes, and Berthold's experiments on capons in 1889 to de- 
termine the existence of internal secretions on the sex glands, 
many theories have been advanced to explain the individual func- 
tions of the ductless glands. We can date the real beginning 
of ductless gland research from 1855, when Thomas Addison 
described the syndrome which bears his name and ascribed it 
to changes in the suprarenal glands. Since then, facts have 
accumulated rapidly, and more so after the discovery that cre- 
tinism and myxedema were due to the absence or lack of th3^oid 
activity. 

With the accumulation of facts, brought about by physio- 
logical and pathological research, has come likewise an accumu- 
lation of hjrpotheses so that it is with difficulty that logical con- 
clusions can be drawn from them. It is clear, therefore, that we 
^ have not as yet reached the proper solution to the problem. A 
^ great part of the difficulty is due to the fact that the knowledge 
^ as to the chemistry of the internal secretions is still hazy and 
^^ 5 
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the physiological chemistry of the future, it is to be hoped, 
will clear up some of the more important doubtful points con- 
cerning their composition and function. 

To add to this already over-filled list of hypotheses would 
hardly be justifiable unless such a hypothesis agreed in the main 
with the clinical and experimental facts which we possess. 
Some time ago it was thought that a solution to the problem 
might be found by studying the ductless gland system from an 
embryological standpoint. A rather brief article (1) was pub- 
lished on the subject, and since then several of the conclusions 
drawn have been confirmed experimentally. It was noted that 
hyper and hypofunctioning of some of the ductless glands re- 
sulted in more or less constant sjmiptoms in certain tissues, de- 
pending upon their embryological origin. The action of the 
ductless gland must be specific and the truth of such a hypoth- 
esis can be readily ascertained, for hypo and hyperfunctioning 
must result in the production of clinical symptoms in the tissues 
controlled by the individual gland. It was found without ex- 
ception that each and every time the thyroid and hypophysis 
were not functionating properly, tne ectodermal and mesodermal 
tissues respectively were affected. On such a basis has the fol- 
lowing article been written: 

The thyroid mechanism, because of its importance and be- 
cause to some extent the other ductless glands are dependent 
upon it, will receive consideration first. The thyroid mechanism, 
as will be assimied in this article, consists of the following: 

1. The thyroid gland. 

2. The parathyroids. 

3. The suprarenal medulla. 

4. The cells of ectodermal origin. 

5. Protein metabolism. 

It can be represented diagrammatically thus: 

Thyroid 




Parathyroids C metaboi- ^Suprarenal medulla 



Ectodermal cells 
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Naturally, the individual parts are definitely related to one 
another. The keystone of this mechanism is the thyroid gland 
and the other structures are more or less dependent upon its 
function and will share, therefore, in hypo and hyperfunctioning 
of the gland. Clinically, the state of the thyroid is reflected 
in the tissues of ectodermal origin. 

The tissues derived from the ectoderm are as follows: 



I. 


Skin. 


II. 


Epidermal structures. 




(a) Hair. 




(b) Nails. 




(c) Glands. 




1. Sebaceous 




2. Sudorifis. 




3. Salivary. 


III. 


Corneal Epithelium. 


IV. 


Lens of Eye. 


V. 


Central Nervous System. 




(a) Nerves. 




(b) Ganglia. 


VI. 


Eye, Optic Vesicle. 




(a) Optic Nerve. 




(b) Retina, etc. 


VII. 


Olfactory Organ. 


VIII. 


Auditory Organ. 


IX. 


Lining of Mouth. 




(a) Teeth. 




(b) Hypophysis. 


X. 


Anus. 


XI. 


Chorion. 




(a) Placenta. 


XII. 


Amnion. 




(a) Wolffian Duct. 



Bearing out the theory, these tissues would give rise to clin- 
ical symptoms in dysfunctioning of the thyroid gland. An ex- 
ample of gross evidence of dysfunctioning is the condition known 
as cretinism. The most common changes in cretinism are aa 
follows : 

Skin and Epidermal Structures. — The skin is dry and in- 
elastic, due to the lack of secretion from the sudorific and seba- 
ceous glands. Chronic eczema and secondary pigmentation is 
common. The nails are striated, brittle and atrophic. Loss of 
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hair, poor development of the hair, a bristly character and 
graying are also frequent findings. 

Corneal Epithelivnn. — ^Hitschmann(2) in studying fifty- 
eight cretins, found eonus, that is, a posterior staphyloma with 
a downward axis in five cases, which is a high percentage, as 
ordinarily this is found but twenty-seven times in a thousand 
casesi He remarks that the relationship this bears to the ere- 
tinic degeneration is entirely obscure. Conjunctivitides of dif- 
ferent types is frequently seen. Parenchymatous keratitis is 
noted to be an accompanying symptom of myxedema. (3) 

Lena of Eye. — Cataract and opacities of the lens are also a 
quite frequent finding. 

Central Nervous System. — "The pathologico-anatomical find- 
ings in the brains of cretins are very diverse. In the majority 
of cases, the alterations of the brain structure are more or less 
of great intensity. Scholz and Zingerle found chronic menin- 
gitic alterations and a slight g^ade of hydrocephalus. Either 
the brain or the individual lobes may be smaller and frequently 
it is highly asymmetric. A juvenile type of brain is a frequent 
finding. Partaking of this under-development are the hemi- 
spheres, the brain-stem, cerebellum, etc. The number of con- 
volutions are smaller or their number lessened. It is generally 
considered that the smallness of the cretin brain is primary 
while that of the skull ^secondary, such as Boumeville taught of 
idiots' brains. The inhibition of the developtnent of the special 
sense organs is in part to be ascribed to lack of development in 
the central organs. The nervous status commonly sjiows in- 
crease of refiex as according to Scholz in fifty-two per cent; 
the field of vision was found by Ottolenghi to be restricted, 
especially outward and upward." (4) 

The clinical symptoms that the lack of nervous development 
gives rise to are quite numerous. As can be judged from the 
pathologico-anatomical findings, the mental development is very 
low and on a par with a trained house dog. (Kocher) (5) Cre- 
tins are stupid, lacking in memory and decision. They can be 
trained to simple duties and are frequently called "beast men." 
Touch, pain and temperature-sense like the more highly spe- 
cialized functions are greatly dulled. Hypothermism is the 
rule in these individuals. Constipation is a constant symptom 
in cretind. The heart sounds are weak, the pulse slow and 
feeble. 

Olfactory and Auditory Organs. — The sense of smell is 
blunted. This is practically a constant symptom. Swelling of 
the mucofta of the nose is a frequent source of irritation. Cleve- 
land (6) has called attention to the swellings on the turbinate 
boned, of waxy pallor, improved by thyroid treatment. As the 



DUCTLESS GLAND CELL CONTROL 9 

olfactory organ is developed as part of the brain, the cause' of 
the bluntness of smell can be readily explained. In countries 
in which cretinism is endemic, there are found a large number 
of deaf mutes. Thirty-two per cent of cretins are hard of 
hearing, according to Scholz.(7) As to the pathologico-anatom- 
ieal findings, there is a diversity. Hammerschlag(8) found 
alterations in the peripheral hearing apparatus. There was also 
found an "incomplete ossification of the stapes, inhibition of 
development of the epithelial cells in the ductus cochlearis 
(Habermann,(9) Alexander), (10) shortening of the base of the 
skull, and thereby disturbance in the development of the organ 
of hearing. (Danzinger,(ll) Bircher),(12) incomplete ossifica- . 
tion of the organ of hearing with hyperostatic growths at other 
places. (Moos and Steinbrugge),(13) anomalies of the malleo- 
lus, (Nager),(14) myxedematous thickening of the tympanic 
mucous membrane, etc., have been regarded as the cause of the 
hardness of hearing. Recently E. Bircher(15) has strenuously 
criticized a portion of their findings or their significance." Ac- 
cording to this hypothesis, however, as the auditory oigan is 
a part of the ectoderm, it would show nutritional changes and 
would harmonize with the above findings. The sense of taste in 
cretins is quite markedly blunted. 

Eye, Optic Vesicle, — Anomalies of sight are frequent. Use 
of the eye causes weariness. Neuroretinitis is occasionally 
found, improved by thyroid treatment. Interstitial keratitis has 
also been found. Less frequently there have been reported in 
this disease : sceleritis, keratitis, iritis, cTioroiditis, retinitis, with 
their various combinations. These conditions are more frequent 
in the allied condition, myxedema. 

Lining of Mouth, Teeth, Hypophysis, — The mucous mem- 
brane of the mouth is pale, dry and inelastic. Quite striking is 
the development and changes found in the teeth. They appear 
late, are badly formed; there are frequent alterations in the 
^ructure; enamel development is defective; early caries, with 
hypoplasias and erosions, are the rule. Second dentition is 
rare. The milk teeth appear slowly and do not always fully 
develop, and thus rudiments of these teeth are seen in X-Ray 
pictures of these individuals. It is interesting to note the con- 
dition of the hypophysis. All are agreed that in hypoplastic 
conditions of the thyroid, alterations of the hypophysis are pres- 
ent. In endemic cretinism, the hypophysial changes are strik- 
ing. Schoenemann(16) in his investigations found that in 
neighborhoods where goiter is endemic, strumous alterations are 
found frequently in the glandular part of the hypophysis. 
"Among one hundred and twelve cases, the hypophysis was nor- 
mal in only twenty-seven. These persons did not have a goiter. 
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Among the cases with goiter, there was one in whom was found 
a hypophysis that could be regarded as probably normal'' 
(Falta).(17) Biedl likewise quotes Schoenemann in regard to 
the hypophysis in this condition. The hypophysis is enlarged 
but degenerated. This is proven by the Roentgen ray plates. 
Ponfick(18) has found it to be completely atrophied. Boyce,(19) 
Biedl and others have found this state of the gland. Rogo- 
witsch(20) has shown that thyroidectomy in adult rabbits re- 
sults in an enlargement of the hypophysis in its glandular por- 
tion with vacuolization and degeneration of the protoplasmic 
cells. Such degenerative changes in the hypophysis should be 
expected theoretically since the hypophysis is of ectodermal ori- 
gin and shares therefore in these nutritional changes. 

Anus, — Swelling of the anus as mentioned by authors is quite 
a common feature. 

One of the striking features in cretinism is the low stature 
and imperfect development of the genitals. The disturbances of 
bone growth in endemic and sporadic cretinism are similar in 
many respects. There is a noticeable delay in the closure of 
the epiphysis and a delay in the appearance of the bone nuclei. 
The ossification, as shown by numerous X-Ray plates, is strik- 
ing. The delay in closure of the epiphysial structures is not 
always the same in all epiphyses, as shown by Breus and 
Kolisko.(21). The closure of the fontanelles is, as can be 
judged, also delayed. The fontanelle may still be open at the 
age of twenty or even later. In regard to thickness and length, 
the bones correspond to the relations of childhood (Falta). The 
circumference of the skulls is, on the other hand, not propor- 
tional to the rest of the bony growth, exceeding this and ap- 
proaching more to a normal skull, although it does not corre- 
spond to the age of the individual. The zone of cartilage pro- 
liferation is diminished, the marrow cavity is narrowed, and the 
marrow spaces lessened. 

To the above picture must be added the imperfect develop-* 
ment of the genitals. In the female, the labia majora are under- 
developed, the uterus and ovaries are hjrpoplastic, and the 
breasts fail to develop. In the male, the penis is very small, 
cryptorchism is present, or the testicles descend later and are 
small. The pubic and axillary hairs are scanty. Boys at 
puberty fail to have the usual voice changes. The secondary 
sexual characteristics are therefore undeveloped. 

The bone and sexual changes were purposely left to the last 
as these structures are of mesodermal origin. The explanation 
for the changes in the mesodermal tissues has been ascribed in 
this theory as due to the hypophysial degeneration. This will 
be fully discussed under the subject dealing with the hypophysial 
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mechanism. As previously stated, the changes in the one gland 
often lead to changes in the other ductless glands, and care must 
be taken to make the proper distinctions between their indi- 
vidual actions. Since the bone marrow and lymphatic system 
are likewise of mesodermal origin, changes in the hematopoietic 
system must be looked for. This also will receive consideration. 

The protein metabolism in cretinism is similar to all hypo- 
plastic conditions of the thyroid. Scholz(22) found the metabo- 
lism at low ebb. Excretion of xanthin, creatinin, iiric acid and 
sodium chloride were very slight, while ammonia and sulphuric 
acid were also very slowly excreted in amounts far below nor- 
mal. Nitrogen-free substances are chiefly consumed. To sum- 
marize, then, protein metabolism is very much depressed. 

While endemic cretinism was taken as an example of hypo- 
functioning of the thyroid, all conditions of this type show 
changes in the tissues of ectodermal origin. Attention has been 
called to the degenerative condition of the hypophysis, an ecto- 
dermal structure, together with the hypoplastic changes in the 
mesodermal tissues, the bone, genitalia, and hematopoietic sys- 
tem. In order to add clearness to the above remarks, it is now 
stated that the controlling factor of the mesodermal tissues is 
the hypophysial mechanism, of which the hypophysis is a part, 
and thus accounting for these changes. Naturally, this mech- 
anism will receive full consideration later. 

While endemic cretinism was selected as the representative 
disease of hypothyroidism, the changes noted are more or less 
characteristic of the latter condition in all its phases. Of course 
sporadic and endemic cretinism, athyreosis, infantile myxedema, 
etc., have certain distinguishing features, but on the whole it 
can be said that the ectodermal tissues are always affected in 
these diseases. 

In the opposite condition, hyperthyroidism, the changes are 
also manifested in the ectodermal tissues. Exophthalmic goiter, 
or thyrotoxicosis, as some are wont to call it, is the disease 
brought ,to mind when hyperthyroidism is mentioned. The 
sjmiptoms displayed in the ectodermal tissues are of an irritative 
type, and since the nutritional disturbances in the fixed tissues, 
i,e,, cornea, teeth, eye-grounds, etc., is not interfered with be- 
cause of the increased metabolism, changes in these tissues are 
either absent or slight, the opposite, therefore, of hypothyroid- 
ism, in which metabolism is low. 

Skin and Epidermal Structures, — Changes in the skin are 
many and varied. It is usually warm and moist. Sweating 
is at times excessive. Vasomotor flushes are common. Urti- 
caria and dermographism is frequently present, as is vitiligo. 
More commonly, however, the skin has a brownish discolora- 
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tion, ranging from pale to dark like sunburn, or similar to the 
diffuse pigmentation of Addison's disease. These latter changes 
are probably due to supraisenal medulla exhaustion. Alopecia 
is not uncommon, while early graying of the hair is said to 
occur. The nails are sometimes fissured. Interesting is the 
condition of the thymus. Capelle,(23) quoted by Falta, 
gives some interesting findings concerning this gland. Accord- 
ing to him, forty-four per cent of exophthalmic goiter cases 
that died of intercurrent disease showed a hyperplasia of the 
thymus, eighty-two per cent of the cases that died of exoph- 
thalmic goiter itself, and almost one hundred per cent of these 
cases that died on operation. 

Corneal Epithelium. — ^As previously stated, changes in a 
fixed structure such as the cornea are not to be expected in 
diseases of hyperfunctioning, as the nutrition is not markedly 
interfered with. However, ulceration of the cornea occurs, 
though not very frequently. It may be present in patients not 
severely ill and without exophthalmos, and not due, therefore, 
to undue exposure. The ulceration in the majority of cases 
must no doubt be ascribed to this undue exposure with exoph- 
thalmos. 

Lens of the Eye, — "Patients with BasedoVs disease bear 
cataract operations badly." — M6bius.(24) 

Optic Nerve, Retina, etc* — ^Atrophy of the optic nerves oc- 
curs quite frequently and may be experimentally produced by 
the a^ninistration of thyroid gland extract. Adrenalin mydria- 
sis can be produced experimentally. Miosis as well as other 
symptoms of sympathetic irritation occur- quite often. Narrow- 
ing of the fields of vision has been noted, but Mobius(24) con- 
siders it the result of an associated hysteria. Amblyopia, 
achromatopsia, paralysis of various ocular muscles has been 
described, rather as complications, however, than as part of the 
main disease. In this relation, it is interesting to note that 
thyroid extract is being used in the treatment of malignant 
uveitis (Bordley).(25) Its beneficial effect can be explained 
through its action on the ectodermal tissues of which the uveal 
tract is a part. 

Nervous System, — Osier (26) says concerning the nervous 
system, "The nervous system in Oraves' disease is always abnor- 
mal, and in many patients it is the seat of the earliest symp- 
toms. This is spoken of as 'nervousness,' and on closer in- 
quiry appears often mental irritability, excitability, or restless- 
ness. In severe acute cases there may be stupor or mania with 
confusion of ideas and hallucinations, either visual or auditory. 
Neuralgias sometimes occur in various parts of the body. Local 
twitchings may be annoying and also cramp, especially in the 
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legs at night. A characteristic symptom of Graves' disease is 
tremor. It varies from a fine, barely perceptible tremor up to a 
distinct shaking of extremities, head or the whole body. Pa- 
tients rarely fail to notice changes in the rate and rhythm of 
the heart-beat, and in many cases, palpitation or frequent pulse 
is mentioned as the earliest symptom. Attacks of vomiting 
sometimes occur, especially in severe cases. Diarrhea is a com- 
mon symptom occurring in about one-third of the cases, some- 
times in paroxysms or crises with or without vomiting." Rapid 
flow of ideas, terrifying dreams, hasty speech, changing . moods, 
alteration of character, with fits of depression or unmotivated 
gaiety are often present in these individuals. Temporary in- 
sanity is quite frequently seen in exophthalmic patients. Like- 
wise, psychic depression witii thought of suicide. 

Olfactory and Auditory Organs, — Hyperosmia and acuteness 
of hearing are quite a constant finding. 

Lining of Mouth, Teeth, Hypophysis, — Hemorrhages into the 
mucous membranes are found in certain cases. Dental caries is 
occasionally found. The discussion on the corneal epitheliutn 
likewise applies to the teeth in this disease. We are more apt 
to see a dental caries in cases of long standing or of a very 
severe type, resulting in an exhaustion of the thyroid mechanism. 
In these cases also, we can find the explanation for myxedema 
following exophthalmic goiter. Very interesting, however, is the 
condition of the hjrpophysis. We should according to the theory 
expect a hyperplastic condition of this organ, and so we find it. 
The association of acromegaly and exophthalmic goiter is not 
at all rare. A thymus hyperplasia is also present quite con- 
stantly. 

The following changes seen in exophthalmic goiter are con- 
sidered in this theory as due to the hypophysial change. It is 
to be remembered that the hypophysial mechanism has under 
its control the mesodermal tissues, and hyperplastic conditions 
of the hypophysis will result in hyperfunctioning of the meso- 
dermal tissues. In youthful individuals, changes in the oBseo%i8 
system occur frequently. Holmgren (27) has shown that there 
is an accelerated growth in height and a somewhat premature 
closure of the epiphysial junctures. Ballet (28) has reported a 
nineteen-year-old girl with Basedow's disease and gigantism 
(Falta). Alterations in the genitalia are quite pronounced at 
times. In men, there may be decrease of libido and impotence; 
in women, cessation of menstruation. Atrophy of the genitalia, 
both external and internal, are seen. The cause of the atrophy 
and sexual changes will be considered under the heading of 
the hypophysis and sexual gland relation. 
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Glycosuria, so frequently found in exophthalmic goiter, will 
also be discussed with the hypophysial mechanism. Falta(29) 
regards it as thyrogenic because of the fact that it comes on 
with the development of Basedow's disease and disappears again 
with its amelioration, and besides, after a cure of the disease, 
overloading tests show entirely normal relations. It is granted 
that the thyroid causes the glycosuria, but this is due to the 
stimulating action on the hypophysis. Of similar explanation 
is the hyperplasia of the l3rmphatic glands, spleen and blood 
changes (mononucleosis), as are the carbohydrate changes in 
hypo and hyperfunctioning of the thyroid. 

How does the thyroid mechanism control these cells of ecto- 
dermal origin, if such is the case? This brings up the discus- 
sion of the individual parts of the mechanism. The antitoxic 
theory of thyroid function, which in the past attracted con- 
siderable attention, has practically, been abandoned by present- 
day physiologists. It was first advanced by Notkin(30) and 
later taken up by F. Blum (31) who was a staunch advocate 
and did considerable work to prove the antitoxic function of 
the thyroid. He did not, however, consider the parathyroids 
in his theory, the removal of which we know results in tetany. 
The function as he considered it was to neutralize poisons de- 
rived from proteins in the intestine, called by him entertoxins. 
They are then locked up in the thyroid gland, and a by-product, 
thyreo-toxalbumin, is formed, which is later released from the 
thyroid as a harmless product. According to Blum, disturb- 
ances of the thyroid result because the thyreo-toxalbumin com- 
bined in the gland is released as such, brought about through 
some obstacle in its further neutralization. 

When following insufficient thyroid secretion, there is a lack 
of sufficient union between the toxin and thyroid secretion; 
tetany, cachexia, myxedema and other similar conditions result. 
If the enterotoxin is still united, but not rapidly or sufficiently 
neutralized by the thyroid, then this condition results in certain 
types of goiter which are favorably influenced by iodide medi- 
cation. On the other hand, if the combined thyreo-toxalbumin 
is thrown into the circulation, Blum assumes a partial insuffi- 
ciency of the thyroid, resulting in Basedow's disease. 

Biedl,(32) on the other hand, endeavors to disprove the 
theory on the ground that thyroid extract fed to myxedematous 
individuals and not, therefore, in combination with the thyroid 
cells of the individual, results in a cure. He, says Blum, him- 
self, must admit that the thyroid secretion can, per se, be a 
cause of an intoxication. Furthermore, tetany resulting from 
parathyroidectomy receives but little attention from Blum and 
his followers, and this indeed is a great drawback to the theory. 
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We must admit the ingenuity and novelty of the theory, but we 
cannot admit of its acceptance. 

Today the absolute denial of an antitoxic function of the 
thyroid cannot be made as there are several good writers who 
maintain that such is its function. Reid Hunt, (33) of Wash- 
ington, in his experiments, tries to prove that this gland pro- 
tects us against injurious drugs. "When certain animals, such 
as rabbits, have been given aceto-nitril and thyroid preparations 
at the same time, they do not become poisoned; whereas, when 
they have taken the former alone, they do." — Lorand.(^4) 
Biedl(35) says in answer to this that Reid Hunt himself admits 
that his experiments in no wise prove the antitoxic function of 
the thyroid, but may be the result of metabolic changes produced 
by the thyroid extract. Furthermore, this antitoxic function is 
not to be accepted, as it is exerted only against aceto-nitril and 
only to be proven in mice;- and added to this is the fact that 
thyroid feeding in other animals and in mice does not protect 
them from poisoning but rather decreases their resistance, as for 
example, morphine. Perrin and Jeandelize(36) also assert that 
the resistance of thyroidectomized animals against arsenic is de- 
creased. Biedl's argument in answer to Reid Hunt's experi- 
ments would hold good in the experiments of Breisacher(37) on 
thyroidectomized dogs, as well as those of the Japanese author- 
ity, Kishi,(38) who arrived at the conclusion that the thyroid 
has an antitoxic function, the experiments being made on one 
hundred and fifty thyroidectomized dogs, monkeys and other 
animals. This antitoxic function was also assumed by the writer 
in a previous article, to be sure, with no experimental facts 
of his own. A further study of this question has led to other 
conclusions. The purpose of this article is to show, if pos- 
sible, that the secretions of the ductless glands exert a specific 
action on the body cells, depending upon their embryological 
origin. The experiments of research workers has made the task 
somewhat easier. 

From certain facts which we have at hand, it seems reason- 
able to assume that the thyroid is a ductless gland, whose secre- 
tion contains iodine in the form of a nucleo-proteid and the 
function of which is to furnish a ferment or hormone which 
controls the rate of deamination of proteins. Kendall (39) of 
the Mayo clinic has furnished this hypothesis, stating that the 
function of the thyroid is to furnish a catalyzer which regulates 
the rate of deamination. Therefore, the more thyroid secre- 
tion, the more protein metabolism, and vice versa. He says, 
"The presence of the deaminizing catalyzer does not affect the 
mechanism of the formation of body proteins from foreign 
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proteins, or the^ decomposition of body proteins into amino- 
acids. Woodyatt, from a study of chemical dissociation and the 
equilibrium existing in the body, has already suggested that the 
thyroid may be concerned with the dissociation of amino-acids 
or polypeptids derived from the breakdown of protein. It is 
obvious that during different periods of rest and activity, the 
organs require varying amounts of the iodin compound. We 
can, therefore, assume that the function of the thyroid is not 
only to elaborate this substance but also to supply the cells of 
the body with the amount necessary to meet the momentary 
demands of each ceU.' But, after cell activity has been height- 
ened by an increase of the amount of iodin compound present, 
there must be some mechanism for the subsequent removal of 
some of the catalyzer from the cells and for carrying it back 
to the thyroid, there to be held again until again demanded. 
The vehicle for carrying the iodin. compound from the gland is 
probably the colloid found in the th'yroid secretion. It .is sug- 
gested that the balance between free amino-acids and colloid 
may be the mechanism governing the supply and . demand for 
the catalyzer substance. Previous investigators have produced 
hyperplasia in lower animals and fish by feeding a protein diet. 
The presence, in the blood of abnormal amounts of amino-acids 
may be a stimulus to the activity of the thyroid." This latter 
suggestion was also made by the writer in the article previously 
referred to. 

The thyroid, then, is the keystonfe to the mechanism. If it 
increases its function, the parathyroids and suprarenal medulla 
increase their function and this is manifested in the cells of 
ectodermal origin. And so it is in hypofunctioning. The func-. 
tion of the parathyroids and suprarenal medulla will now be 
considered and then the mechanism as a whole. 

The functions of these two glands is to furnish a ferment 
which neutralizes the poisonous part of the protein molecule 
and in addition to this, to sensitize or hormonize, if you will, 
the cells of ectodermal origin. This latter action can be rep- 
resented by the amboceptor group of Ehrlich, thus: 

. We attribute, therefore, a two-fold action id the parathyroids 
and suprarenal medulla. Yaughan(40) concludes that the 
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p«isoB m tile protein molecQie is the same in idl tms piroteixES, 
whether in patiic^^enie, non-pathogienie baeieria, in vegetable and 
assmal proteins. Fnttheimore, that it is a split prodiiet of the 
prot^ molecule and it is neutraHsed by eonDbiflntion with non* 
poiscmooB groups; it exerts its poisonous action oidy \9keu the 
proteizis undeiigo molecular disruption. The paratiiyroidB and 
suprarenal medulla's secretions would, according ta this bypotlie- 
sis, neutralise this poisonous molecule. 

The antitoxic function will fixat be discussed^ then the aeticm 
on the cells (^ ectodermal origin:. Vassale and €len8rttli(41) 
were the first to advance the antitoxic function of the para- 
thyroid. Pfeiffer and Meyer(42) endeavored to find the ponon- 
ous product in the blood stream resulting from parathyroidec- 
tomy. They .w^ere able to show that the blood of dogs with 
tetany had a* stronger hemolytic action on that of goinea pigs 
than that of normal dogs. While the authors did not attribute 
any great importance to this, they did, however, lay great stress 
on the fact that iAie serum of dogs with tetany was toode for 
partially paratliyroideetomized mice and in some eases fatal to 
i^em. They beUeve that the specific poison is in the serum 
and is not excreted in the urine. Biedl,(43) from whom this is 
translated, does not think this of so great importimce, but 
would consider that his experiment of venesection in a severe 
attack of tetany relieves it, and this continues for about twenty- 
four hours if fresh blood is injected, so that it may be inter- 
preted that the fresh blood neiitralizes the toxic product in the 
blood of tile animaL 

On the assumption that the tetany poison had an antigen 
dwnicter, Ceni and Besta(44) tried 'to reeover speeifie anti- 
bodies following thyreoparathyroidectomy. They immuniaed 
rabbits and goats with serum from total ectomized dogs col- 
lected at the height of a tetanic attack and then took the im- 
munized serum from these animals and injected it in doses 
ranging from nine to fifteen eentimeters into ectomiiect dogs 
with severe tetany. They were able to demonstrate in prac- 
tically all animals a rapid and sometimes immediate eessation 
of the rente phenomena, although the final outcome was in no- 
wise ail^red. The authors claim that the therapeutic action of 
the immune serum is much more energetic, rapid and tiioroogh 
than the treatment of antipyrine, recommended by Gley,(46> 
or. the chloral hydrate treatment of Ughetti(46) and the bro- 
mide method of Canizzaro.(47) The authors were unable to 
prolong the life of a parathyroidectomized animal witii ikmt 
immune serum, 

Berkeley and Beebe(4S) believe that tetany is caused through 
some toxic product of metabolism. They were able to increase 
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the symptoms of tetany by feeding meat and to increase the 
excretion of ammonia. In their estimation, the toxic substance 
is a protein product. They believe further that cases which are 
injected with ammonia or zanthin produce certain toxic symp- 
toms, are improved by calcium and strontium salts, just as in 
tetany following parathjnroidectomy. rrouin(49) found in 
thyro-parathyroidectomized animals an increase in the urinary 
output of ammonia and ammonium carbaminate, and believes 
tetany is due to this carbaminate poisoning. He was able to 
produce a typical tetany twenty-four to forty-eight hours after 
thyro-parathyroidectomy, with the injection of three to four 
grammes of sodium carbamate. Kendall, (50) in his article, 
says, "It is here suggested that the function of the parathyroid 
is to convert ^mmonium carbonate into urea.", He is, there- 
fore, perhaps unaware of Prouin's experiments. 

Quite recently, Koch (51) through his experiments comes 
to the conclusion that methyl-cyanamid is the cause of tetany 
following parathyroidectomy, he having isolated this substance 
from the urine in parathyroidectomized dogs. His conclusions 
are that somewhere in the body methyl-cyanamid is generated. 
This substance has a physiologic use in animals. After para- 
thyroidectomy, the substance accumulates in toxic quantities and 
is responsible for death of these animals. MacCallum(52) has 
made some interesting experiments to clear up the pathology of 
tetany. From these experiments, he believes that there exists 
a poison in parathyroidectomized animals which combines with 
certain cells of the central nervous system. He proved that 
the action was on the nerve cells and not upon the muscles 
by cutting the latter frefe from their nervous connections, and 
thereby confirming the earlier experiments of Lanz. 

Ochsner(53) quoting Berkeley and Beebe, says, "These au- 
thors state, ^The nitrogen partitions in the urine in such pa- 
tients (with tetany) are in most cases abnormal, with relatively 
high ammonia, high rest nitrogen, notable quantities of creatinin, 
but with diminished urea and creatinin excretion. Such find- 
ings indicate severe nutritional disturbance and the possibihty 
of metabolic toxins being responsible for the symptoms in such 
cases is commonly accepted. The fact that under disturbed 
conditions of nitrogenous metabolism, a meat diet gives rise to 
metabolic products which may provoke convulsions, suggests 
that the meat diet has more than a passive role in producing 
the symptoms of parathyroid tetany.' " Throughout the litera- 
ture on pa^'athyroids is evidence to the effect that in their 
secretion rests some antitoxic function on certain protein prod- 
ucts and the statement that the parathyroids are concerned in 
having an influence on the growth and nutrition of the body 
is justifiable. 
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An antitoxic function^ similar to the parathyroids, has been 
assumed for the secretion of the suprarenal medulla. On what 
particular protein or proteins in the blood it exerts its anti- 
toxic action has not as yet been determined. This suprarenal 
medulla secretion is epinephrin and is essential to life. Chem- 
ically, if is methylaminoethanol pyrocatechin and is thrown into 
the vena cava continuously. The blood of animals without 
suprarenals is poisonous. 0. Sctiwarz(54) has shown that 
phloridzin injected into male rats following suprarenal extirpa- 
tion results in toxic symptoms which are partially relieved by 
epinephrin. Furthermore, these rats show a reduction in the 
glycogen content and an increase in protein catabolism. 

According to Brown-Sequard,(55) the blood of ectomized 
animals injected into animals of the same species, also ecto- 
mized, results in shortening the lives of the latter, while the 
blood of healthy animals prolongs it. Mariani(56) found a 
high toxicity in the urine' of ectomized animals. No doubt the 
toxic substance is similar to that in parathyroidectomized ani- 
mals. Mariani(56) claims that the blood-pressure raising 
principle of the suprarenal medulla is immediately destroyed 
by the blood of ectomized animals. 

On the strength of these findings, plus the contribution of 
Soddu,(57) who found a beneficial influence through venesec- 
tion and saline injections, the cause for this characteristic pros- 
tration and finally the death of suprarenalectomized animals 
has been laid to an accumulation of toxic metabolic products, 
especially in the musculature. These experiments are the foun- 
dation for the teaching that the function of the suprarenals is 
to neutralize toxic products 'of metabolism, the chemical nature 
of which is as yet unknown. This antitoxic function is also 
exerted, according to Charrin and Langlois,(58) on other poi- 
sons, such as nicotine or bacterial toxins. The above remarks 
concerning the antitoxic function is almost a literal translation 
from Biedl's work. 

It has, however, been assumed that the function of the 
suprarenal medulla and cortex are entirely different, and that 
it is only the medullary portion which is concerned with the 
antitoxic function. As for the cortical portion, this shall re- 
ceive consideration with the hypophysial mechanism. Dismiss- 
ing for the present the antitoxic function of the parathyroids 
and suprarenal medulla, the action they have on the cells of 
ectodermal origin will now be studied. It is not reasonable to 
suppose that the parathyroids and suprarenal medulla sensitize 
the same set of cells. It has been concluded from a study of 
clinical, experimental, pathological and anatomical facts that the 
parathyroid secretion sensitizes all the cells of ectodermal origin 
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with the great exception of the amyelinic or gray fibers of the 
nervous system. Under the latter head comes the sympathetic 
nervons system and the gray matter of the brain and spinal 
oord. These are sensitized by the secretion of the suprarenal 
medulla. 

Hypo and hyperfunctioning of the parathyroids should, if 
the hypothesis is correct, give rise to symptoms in the tissues 
under their control, the typical and best known disease in which 
there is hypoparathyroi£sm or an entire absence of its secre- 
tion, Will be discussed. 

Strumpell(59) gives in brief the following symptomatol- 
ogy: "The paroxysm of tetany usually has certain prodromata 
consisting of slight general discomfort and pain and* of a feel- 
ing of weakness and stiffness most marked in the arms. These 
symptoms last for some hours (at least) before the true* con- 
vulsive stage begins. The extremities, and more particukrly 
the fingers, almost always suffer first, and then after the arms, 
the lower extremities become involved. The spasm usually af- 
fects the toes first before it seizes upon the other parts of the 
leg. The symptoms are almost invariably bilateral and sym- 
metrical. Other nervous symptoms in addition to cramps are 
but little prcmouneed in tetany. The most noticeable are pares- 
thesia, tearing pains, etc. Anissthesia occurs only rarely. 
There is no impairment of consciousness. In only a few cases 
has a combination of tetany and hallucinatory confusion been 
seen. 

Optio neuritis has occasionally been observed. The com- 
parative frequent formation of cataract in tetany is remark- 
able." If we remember that the myelinic gray fibers, the hair, 
the skin (in part), the nails, the ciliary epithelium, the lens 
of the eye, the optic nerve, the teeth (enamel), are of ecto- 
dermal origin and sensitised by the parathyroids, the above 
symptoms and those of chronic tetany, which are to be given, 
can easily be understood. 

In chronic tetany, we are more apt to see the trophic dis- 
turbances as the following symptoms show: Increase in the elec- 
tric excitability of the motor and sensory nerves is t)ne of the 
most important features of the disease. Erb's, Chvostek's 
signs are present. During a tetany attack, parathyroidecto- 
mized dogs show an increase in temperature. This is also seen 
in human tetany. Y. Jaksch(60) and v. Frankl-Hochwart(61) 
have noted especially that during the attack-free period, 
the temperature is often abnormally low. Y. Jaksch(60) 
saw more or less fever in thirty-five observations in acute cases 
at the beginning of the disease. 

Falta(62) in speaking of the trophic disturbances, says, '^The 
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trophic disturbances in tetany affect epithelial parts exclu- 
sively, the hair, nails, skin, enamel and ciliary epithehum.'^ 
This was pointed out in the article (1) previously referred to. 
Rapid falling out of the hair is frequently seen. Adler and 
Thaler(63) found that this was a premonitory symptom of 
tetany. Walbaum(64) found cachexia appearing in rabbits with 
nutritional disturbances, especially roughening of their coats. 
Trichorrhexis was found by Speigler(65) in a case of chronic 
tetany. The nails become brittle and complete necrosis may 
oecur, that may result in casting off of the nail. These dis- 
turbances last recounted (skin, nail, teeth, etc.) bring to mind 
cretinism, and this leaves no doubt that the thyroid^arathyroid 
apparatus is involved. 

The cataract in tetany develops very rapidly. Peters (66) 
b^^an the first exact investigations on the subject. He showed 
that the cataract was produced by degenerative changes in the 
ciliary epithelium. In Erdheim's (67) experiments, he says, 
''In these cases (delayed death following parathyroidectomy), 
the tetany showed an outspoken chronic db^raeter. In addition, 
in these twelve animals there occurrred notable trophic disturb- 
ances, especially in the incisor teeth. Enamel defects showed 
tiiiemselyes as white flakes on the normally yellow colored teeth. 
In addition, the teeth became brittle and gave rise to consider- 
able pain if broken off within the alveolar process." Conjunc- 
tivitis is also very frequently observed in tetany. Falta(68) 
observed this r^ularly in parathyroidectomized dogs and cats. 
Skin ulcers are also often present. Naturally, since the th3ax>id 
disturbances are to be laid to pathology in the thyroid, the 
symptoms in the cells controlled by the pariathyroids will not 
be as severe as if the primary pathology were in the para- 
thyroids. 

That the nervous symptoms are manifested in the myelinic 
fibers is evident fr(»n the anatomy. Strumpell(^) says, ''The 
great myelinic mass of fibers, known as the pyramidal tract, is 
the chief one concenwd in exciting voluntary movements that 
are executed with a definite purpose. Since movements of this 
nature — nearly i^U occupations and manual labors are performed 
far more frequently with the arms than with the legs — ^the part 
of the pyramidal tract intended for the upper extremity is ac- 
cordingly much larger than that for the lower." From this lat- 
ter fact, it can be understood why the spasms are severer in the 
upper extremities in human beiags. 

Furthermore, "Vassale and Donaggis found in the spinal 
cord of six parathyroidectomized dogs .a microscopic alteration 
(after Mueller's fixation) which they considered a degeneration 
in the crossed pyramidal tracts identical in situation with that 
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following ablation of the motor cortex and also a similar change 
in the posterior tracts. This apparent degeneration could not, 
however, be demonstrated microscopically with either the Marchi 
or the Weigert-Pal method. With a nigrosin stain the axis 
cylinders showed swelling and a granular appearance and the 
myelinic sheath showed atrophy and did not stain well. 

Russell examined the brain and cord of seven dogs which 
died after tetany after parathyroid removal and found rather 
extensive chromatolysis, shrinkage and distortion of the pyramidal 
cells and increase in the number of neuroglia cells. He con- 
cluded that the anatomical alterations were sufficiently well 
marked to afford a basis for the functional changes which led 
to tetany. Edmund also found changes in the brain and cord 
of parathyroidectomized dogs. The Nissl bodies were no longer 
defined; chromatolysis was striking. Sometimes the substance 
took the stain deeply; in some cells the chromatophilous sub- 
stance was absent. The changes are similar to those observed 
after acute poisoning." — Ochsner.(70) 

The skin proper and epidermal structures are sensitized, ac- 
cording to the hypothesis by the parathyroids. But the vasomo- 
tors, pilomotor and secretory systems of the skin are sensitized 
by the suprarenal medulla. This will be discussed later. The 
following is interesting in connection with the hypothesis that 
the myelinic fibers and skin are sensitized by the suprarenal 
medulla. This will be discussed later. The following is inter- 
esting in connection with the hypothesis that the myelinic fibers 
and skin are sensitized by the parathyroids. "Extraction of 
the fatty substance of the myelin sheath by boiling alcohol and 
ether brings out a fine network which resists trypsin digestion 
and termed neurokeratin on account of its resemblance to the 
keratin of epidermal structure." (71) It is perhaps more than 
a coincidence that the nucleo-proteid of the parathyroid secre- 
tion is not destroyed by the action of pepsin and hydrochloric 
acid in forty-eight hours. 

Leaving for the present the parathyroids, the discussion of 
the sensitizing action of the suprarenal medulla on the amyelinic 
or gray fibers of the nervous system will now be undertaken. 
The suprarenal medulla is derived from the ectoderm and is 
developed as part of the sympathetic system. It secretes a 
substance termed "epinephrin" whose action has been conclu- 
sively proven to be the same as stimulation of the sjonpathetic. 
It has been assumed that this action is also exhibited on the 
gray matter of the brain and spinal cord. Gray's "Anat- 
omy" (72) says: "The sympathetic system is not, as was so long 
taught, an independent, system. It receives fibers from the 
cerebro-spinal system and arranges them for distribution to 
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the splanchnic blood-vessels and the viscera. It receives fibers 
from the viscera and transmits fibers by way of the spinal nerves 
to unstriped muscles, to vessels, and to glands. It is simply an 
arrangement of spinal nerves to permit of the re-arrangement 
and transmission of impulses. In order to affect this, the spinal 
nerves are connected with a series of ganglia which possess a 
certain power of government or automatic action. In the sym- 
pathetic system amyelinic fibers predominate. The individual 
nerve-fibers are smaller in diameter thwi those of the cerebro- 
spinal sytem and the fibers are interrupted in gangliated plex- 
uses and 'in the terminal ganglia. The majority but not all of 
the sympathetic fibers are found only in the sympathetic sys- 
tem." If, as has been assumed in this hypothesis, the suprarenal 
medulla secretion is exerted on the gray matter of the nervous 
system, then in hypoplastic conditions of the gland, a deficient 
development of these parts would be present. 

Hypoplasia of the su^rarenals has been found in hemiceph- 
aly and many other failures of brain development. Ziegler(73) 
cites several cases of hemicephaly, oxycephaly and anecephalous 
fetuses with hypoplasia of the suprarenals. Czemy(74) has seen 
absence of the medulla in five cases of hydrocephalous ; Hanse- 
mann(75) eight cases of anecephalous with suprarenal atrophy. 
Wiesel(76) observed hypoplasia of the chromaffin system and 
hypoplasia of the vascular system and other changes. The fol- 
lowing is a quotation from Kaufmann(77) showing the supra- 
renal bears to brain development, ^'Auch zu dem Grosshim hat 
man die Nebenniere in funktionelle und genetische Beziehung 
gebracht Bei Hemicephalen und Anencephalen werden die Ne- 
bennieren fast regelmdssig in grosserem oder geringerem Grade 
hypoplastisch gefunden. Nach Zander kommt die Nebennieren- 
verkleinerung nur bei Defekten am vorderen Grosshimteile vor. 
Oft bestehen hier gleichzeitig Misbildungen im Urogenital- 
system." This latter condition is not due to the suprarenal me- 
dulla failure but due to the loss of cortical substance. This 
question will receive consideration later. 

From the following schematic representation can be seen 
those nervous structures sensitized by the suprarenal medulla. 
To this must be added the sympathetic nervous system as a 
whole and the posterior lobe of the hypophysis. 

It would hardly be possible in this paper to discuss the 
individual functions of the gray masses, sensitized by the supra- 
renal medulla. Note, however, the action of the thalamus, "The 
thalamus is a ganglion interposed between the sensor tracts in 
the tegmentum and cerebral cortex, as well as an important link 
in the optic path. It also gives rise to motor tracts concerned 
with instinctive movements of an emotional nature. It is a relay 
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Btetion fer ttie variooB tafacta wbieh eoavej' BMuatiooe of tonoh, 
tempwature, and pain from the body, extremitiee, head and neok, 
af amscle-Bense, and of the spe^l Benses. It trauBmita these 
impQlsee to, and, reciprocally, receiree impulses irom the ecrebro- 
eoMex. As «b 'emotaooal' center, it is ^so nnder the inhibitory 
infiwenoe of the cerebral cortex, which, if the emoiion be not too 
stror^, preventa its extem&t manifest^oDS."(79) 



The hypothesis is entirely in aecord with theee atatceaents. 
It is to be reiaembered that some of the exciting causes of ex- 
ophthalBiic goiter are fright, grief, shook, andden chaise in 
onotion, etc, axii undoubtedly a cansal relatiim exists between 
the action of the suprarenal medulla and thyroid, as has ao 
often bsMi asserted by various writers. The suprarenal medulla 
and ite action of the thalamus will again be diacussed vith the 
9»u8l glands. 

That the action of the suprarenal medulla secretion is on the 
dfactory bulb is strengthened by the fact that it is composed af 
amyelioic axoms with a oeurilemma. Diminution of smell is the 
rule in myxedema and Addison's disease. "In b-aoing tika van- 
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ous structures of the brain from the oblongata to the cerebral 
cortex, we follow anatomically what Nature has done in the evo- 
lution of the highest type of brain from that of the simplest 
and most ancient vertebra. In the oblongata lie the centers which 
exert a very direct influence upon those of the entire cord. The 
striate bodies (caudatum, lenticula) and the thalami form a con- 
necting link between the higher cerebral cortex -and the oblong- 
ata and cord below. The extensive cerebral cortex, an aggrega- 
tion of psychic centers, and therefore the seat of the will, con- 
trols the activities of the fore-brain ganglia (striatum, thalamus) 
and the cerebellar cortex, and these in turn preside over the 
functions of the lower centers, as in the way of motor responses 
to external impressions; such reactions may be delayed or imme- 
diate, according to the exercise of the will power residing in 
the cerebral cortex." (80) 

Below is a summary of the gray masses in the brain, and 
these, it is to be remembered, are sensitized by the suprarenal 
medulla secretion. (Taken from Gray's "Anatomy.*') (81) 

I. Summary of Gray Masses in the Post Oblongata: 

1. Central tubular gray (in "closed part"). 

2. Gray floor of fourth ventricle (in "open part"). 

3. Gliosa (of gelatinous Rolandi). 

4. Nucleus funiculi gracilis. 

5. Nucleus funiculi cuneatus. 

6. Nucleus funiculi cuneati accessorius. 

7. Nucleus lateralis. 

8. Nucleus olivaris inferior. 

9. Nucleus olivaris accessorius dorsalis. 

10. Nucleus olivaris accessorius medialis. 

11. Nucleus arcuatus. < 

12. Nucleus nervi hypoglossi. 

13. Nucleus intercalatus. 

14. Nucleus postremus. 

15. Nucleus vagi (alse cinerse). 

16. Nucleus vestibularis .(spinal division). 

17. Nucleus funiculi teretis. 

18. Nucleus ambiguus. 

19. Nucleus tractus solitarii. 

20. Nucleus tractus spinalis n. trigemini. 

21. Formatio reticularis. 

U. Summary of Gray Masses in the Pre-Oblongata : 

1. Nucleus of Abducent Nerve. 

2. Nucleus of Facial Nerve. 

3. Afferent and Efferent Nucleus of Tiigmenial Nerve. 
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4. Nucleus of Spinal Root of Trigeminal Nerve. 

5. Nuclei of Acoustic Nerve — Cochlear Division. 

Vestibular Division. 

6. Superior Olivary Nucleus. 

7. Nucleus of Trapezium. 

8. Reticular Ganglionic Formation. 

9. Nucleus Incertus. 

10. Nucleus of Lateral Leminiscus. 

III. Summary of Gray Masses in the Mid-Brain: 

1. Central aqueduct gray, 

(a) Oculomotor n. nucleus. 

(b) Trochlear n. nucleus. 

2. Nucleus radius descendentis nervi trigemini. 

3. Nucleus of medial longitudinal bundle and post com- 

missure. 

4. Formatio reticularis. 

5. Substantia nigra (intercalatum). 

6. Rubrum (red nucleus). 

7. Striatum cineureum ^regemini. 

8. Nucleus postgemini. 

9. "Interpeduncular" ganglion. 

What vital structures the suprarenal medulla secretion sensi- 
tizes and the grave symptoms produced by disease of the supra- 
renals can be readily understood. For example, the action on the 
cerebral cortex, the lack of suprarenal medulla secretion would 
theoretically result in symptoms manifested in the psychic cen- 
ters, and so it is found clinically. 

Hoskins(82) says, "On the whole it seems most likely that the 
characteristic asthenia of adrenal deficiency is due to loss of 
cortical tissue, whereas the medullary part has as its chief func- 
tion the furnishing of a special stimulant to enable the body to 
cope with emergencies. In summarj', we may say that the 
available evidence indicates that the adrenals secrete a substance, 
epinephrin, of remarkable potency. This substance selectively 
affects the tissues having sympathetic nervous control, thereby 
affecting many vital functions. Adrenal destruction results in 
fatal asthenia of the skeletal and cardiac muscle. This is prob- 
ably due to loss of adrenal cortex, not epinephrin secreting tis- 
sue. Addision's disease is probably due, therefore, to functional 
failure of the adrenal cortex." The latter statement is to be 
questioned, as 1)oth medulla and cortex are affected, and are both, 
no doubt, concerned in its production. But that the asthenia in 
the skeletal muscles is due to loss of cortical substance is very 
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probable. This question will be taken up with the discussion 
of the suprarenal cortex and the tissues derived from the meso- 
thelium. 

Addison's disease, in which the suprarenals are diseased, 
gives rise to the following symptoms: "In most cases, whether 
tuberculous or otherwise, the earliest symptom is an unusual 
tendency to fatigue on bodily or mental exertion." (83). This 
asthenia is shared by the skeletal muscles. The appetite may 
be capricious. There is a feeling of fullness after eating, 
nausea, eructations, and pyrosis. Constipation is the rule in the 
early stages, later irregular attacks of vomiting and diarrhea 
make their appearance. 

Pigmentation, — The parts usually exposed to the light become 
intensely pigmented, the other portions are not so intense, but 
the areolae, genitals, axillae are quite pigmented. The color of 
the pigment varies. Areas of vitiligo may appear. The nail 
bed and nails are sometimes pigmented, and the hair seems to 
have a darker tint, looking dirty or dusty. 

Nervous System. — Fatigue and constant apathy are common 
and is sometimes associated with depression, insomnia, or rarely 
increased tendency to sleep. Yawning is a marked symptom in 
some cases. Loss of memory, delirium, dizziness, tinnitus and 
muscalffi volitantes occur at times. Headache is frequent and 
sometimes violent. — Diminished sensibility or paresthesia — for- 
mication or numbness — sometimes exists in the pigmented or leu- 
kodermic areas. — Sjncope comes on with alarming ease, with or 
without nausea or vomiting, and cold perspiration from exertion; 
a prolonged examination, a tubercular injection, and some- 
times from accidental pressure on the abdomen. Weakness of 
the special senses, especially smell and hearing, are not uncom- 
mon. In some cases the mind is affected and imbecility may 
appear, and, in various degrees, dementia. The temperature is 
apt to be subnormal. These symptoms are manifested in the 
gray matter, under suprarenal medulla control. Notice also the 
similarity to the myxedematous characteristics. 

Heart and Circulation, — Cardiac weakness is part of the pic- 
ture of the disease. The heart beat and sounds are faint, the 
pulse small, soft, and usually slightly accelerated. Exertion is 
likely to bring on alarming dyspnea and palpitation. Atrophy 
of the heart is a constant finding. 

Digestive Disturbances, — In the majority of cases there is 
more or less disturbance. In the later stages vomiting becomes 
severe and painful and hastens the fatal end. — Diarrhea is some- 
times profuse and painful. Constipation is usually present in 
the earlier stages. 

Genital Organs, — In reviewing the symptoms produced by 
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this disease, it is seen that both ecto and mesodennal stractnres 
suJSer. The medulla is derived from the ectoderm and sensitizes 
those' tissues as stated, while the cortex is derived from the 
mesoderm and sensitizes, as will be shown later, the tissues de- 
rived from the mesothelium. A digression for a moment is per- 
haps pardonable, so that the part played by the cortex in Addi- 
son's disease will be more readily understood. The striated mus- 
cles, testicles, and ovaries are of mesothelial origin, and since 
the cortex, according to the hypothesis to be advanced, sensi- 
tizes these tissues, the asthenia in these muscles and the im- 
potency of the male and amenorrhea of the female have a ready 
explanation. The medulla, therefore, has no part in producing 
these symptoms. 

The fatigue, constant apathy, the association with depression, 
insomnia, loss of memory, deUrium, loss of mind, dementia, and 
imbecility are explained by the lack of sensitizing action of the 
epinephnn on the cerebral cortex. Again the similarity to the 
mental condition of myxedema. Dementia precox is often bene- 
ited by thyroid extract, producing an increase in action of the 
thyroid mechaniffln. The weakness of the special senses, espe- 
cially smell and hearing, are also explained, as, for example, 
the kick of sensitizing epinephrin on the olfactory bulb decreases 
the sense of smell. The same applies to the gray nudei of the 
glosso-pharyngeal and chorda-tympani nerves, in regard to 
taste, also the nuclei of the acoustic nerve in regard to the sense 
of hearing and tinnitus. Constipation in the earlier stages has 
the same explanation, while the diarrhea of later stages is due 
to the lack of sympathetic nerve control producing a relaxed 
sphincter. 

The pigm^itation produced in this disease deserves special 
attention. That it is due to lack of the suprarenal medulla se- 
cretion's action on certain protein products is perhaps the most 
reasonable explanation. Adami(84) says in regard to pigmenta- 
tion: "French observers more particularly have called attention 
to the existence of oxidases within the living tissues, through 
whose actions proteins are darkened. It has, for example, been 
shown that the browning of the cut surface of an apple is due 
to this process. While similarly the conversion of the relatively 
colorless juice of certain Japanese plants into black lacquer by 
exposure to air has been found to be due to the presence of oxi- 
dases which act upon tyrosin and the aromatic products of 
protein decomposition. Experimentally, also, it can be shown 
that the action of strong acids upon protein produces a dark 
brown substance — 'artificial melanin' — which is regarded as pro- 
duced from the tryptophan, tyrosin and other aromatic bodies 
resulting from protein decomposition by the addition of oxygen. 
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Yon Fixrth would regard melanin and the melanoid bodies as de- 
veloped by the action of intracellular oxidases (tyrosinase) upon 
the aromatic or chromogen groups of the proteid molecule. In 
faTor of this view is the fact that a tyrosinase has been shown 
to be present in the ink-sacs of cuttle-fish, the pigment devel-. 
oped in these sacs, sepia, being allied in composition to melanin. 
And he would regard both the sulphur and iron as combined sec- 
ondarily. 

It is somewhat against this view that tyrosin is not one of 
the products gained from the decomposition of melanin, al- 
though indol and skatol are obtained. Indol, therefore, and the 
allied bodies, rather than tyrosin, would appear to be involved 
in the process. Independently, what would seem to be a striking 
support to this view has been adduce^d by W. L. HaUe. He has 
demonstrated that, under the influence of an enzyme contained 
in the adrenal, that tyrosin is converted into adrenalin. We 
would point out that it is when the adrenal or its secretion is 
deficient that the characteristic pigmentation — ^bronzing — of Ad- 
dison's disease shows itself. If the above view be correct, that 
pigments of the melanin group are of the nature of members of 
the aromatic series of derivatives of the protein molecule, then 
the bronzing gains its explanation, it is due to the want of con- 
version of the tyrosin and the allied bodies in the relative ab- 
sence of the adrenals and their consequent accumulation in the 
tissues, and we would add that the greater darkening of the 
superficial parts most exposed to light and air of these aromatic 
bodies in these regions." In regard to this part of suprarenal 
function, Falta(85) says, "Probably the organism forms adrena- 
lin from the aromatic split products of albumin, tyrosin and 
phenylalanin or oxyphenylserin." 

It will be endeavored to prove that the action of epinephrin 
is exerted on the pigmented areas of the nervous system. The 
deeply staining pigmented nerve cells aie found in the gray sub- 
stance. Contrasting the white and gray matter, it is found that, 
"the white substance which forms about two-thirds of the neu- 
raxis is the conducting substance, and its characteristic appear- 
ance is due to the myelin sheo^h which invest the axones in it. 
The gray substance is the sentient and reacting mass containing 
the cell bodies of the neurones. Its color is due to its trans- 
lucency, its greater vascularity, and to a certain amount of pig- 
mented material in the cell elements " {S6) 

"Nerve-cell body — nerve cells fixed and stained by the meth- 
ods of Nissl and Held show that the granule masses are 'stain- 
able' (chromatophiles ; tigroid bodies; Nissl bodies;) probably of 
the nature of a nucleo-proteid (MaeCallum), and looked upon 
as a sort of a nutritive reserve. Many of the larger cells (found 
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in the ventral horns of the spinal cord, in spinal ganglia^ in 
large pyramidal layer of cerebral cortex, in Purkinjean cell layer 
of cerebellum and in the column of Clarke; (all sensitized ac- 
cording to the hypothesis by the suprarenal medulla), possess 
more or less 'pigmented material adjacent to the nucleus. The 
cells of the inter-calatum (substantia nigra) and locus coerculeus 
contain an abundance of such pigment granules. — Nissl, after 
years of painstaking investigation, has classified nerve-cells into 
a great many different species in accordance "with their reaction 
to staining agents. The cells are characterized by pigment 
(marked only in man), which varies from a pale brown in the 
young to an absolute black structure in the aged. (The supra- 
renal action is less in the aged.) — Those branches of the sympa- 
thetic which present a . well-marked reddish-gray color are com- 
posed more especially of amyelinic axones intermixed with a few 
myelinic axones ; while those of a white color contain more of the 
latter and a few of the former." (87) It must be understood, 
however, that in all situations, the action of the parathyroids 
and suprarenal medulla is specific, and exert their action only 
on their respective cells just as in those situations where mye- 
linic and amyelinic fibers alone are present. The cerebro-spinal 
ganglia found on the dorsal root of each spinal nerve, on the 
glosso-pharyngeal and vagus nerves, and forming the gangliated 
cord of the sympathetic, is seen to consist of a reddish-gray 
substance. 

Concerning the layer of small and larger pyramidal cortical 
cells, Gray's "Anatomy" (88) says in part: "It (pyramidal cell) 
contains granular pigment and stains deeply with ordinary 
' agents. And the rubrum, so termed from its reddish tinge in 
the fresh brain, which it owes to the pigmentation of its cells as 
well as to its greater vascularity." In the pregeniculum, the 
nerve cells in the gray substance are large, multipolar and pig- 
mented. The olfactory bulb is of a reddish-gray color. 

Theoretically, changes in these cells and pigment should be 
evident after stimulation or exercise of these gray pigmented 
areas. Experiments have abundantly proven that there are such 
changes. Crile(89) has found such changes in his experiments 
on emotion. It was previously noted that the Nissl bodies were 
probably in the nature of a nucleo-proteid, and fatigue experi- 
ments have shown a disintegration of these bodies following ex- 
ercise. This action is probably brought about by the action of 
the suprarenal medulla secretion. 

The action of epinephrin on the eye is as follows: It causes 
a dilatation of the pupil, retraction of the nictating membrane 
and eye-lids, and protrusion of the eye-balls. This last action 
is interesting in connection with the exophthalmus of exophthal- 
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mic goiter. Many writers have concluded that the disease was 
due to an affection of the sympathetic system. This alone, how- 
ever, cannot satisfactorily explain the disease. It is, undoubt- 
edly, the action of the sympathetic which causes the exophthal- 
mus. Such, also, is the conclusion of the Mayo Brothers. (90) 
There is in exophthalmic goiter an increased function of the su- 
prarenal medulla, and this is manifested in those parts controlled 
by the gray masses and amyelinic fibers. Attention has previ- 
ously been called to the fact that there are anatomical changes 
in the nervous system in cretins and myxedematous individuals, 
consisting of destruction of nervous cells, and nervous processes, 
chromatolysis and augmentation of neuroglia. 

Crile(91) in his article "Kinetic Drive," states that the brain, 
thyroid and suprarenals are definitely related. He says: "In 
this interrelation of the brain, the thyroid and the suprarenals, 
we have what, perhaps, is the master key to automatic action of 
the body, that is through the special senses environmental stim- 
uli reach the brain and cause it to liberate energy, which in 
turn activates certain other organs and tissues, among which 
are the thyroid and suprarenals. The increased output of thy- 
roideiodin, by facilitating the transmission of electric currents 
through semipermeable membranes, increases the passage of 
nerve impulses and sets pace for energy conversion. In conse- 
quence, the suprarenals are driven to increased activity, and the 
increased adrenin in turn excites the brain to still greater ac- 
tivity, the results of which are equivalent to increased work of 
the sympathetic nervous system. These results are principally 
the foUoVing: increased heart beat, increased respiration, rttised 
blood pressure, increased sweating thirst, the transfer of much 
of the blood from the splanchnic area to the surface, increased 
output of glycogen, increased power of the muscles to metabolize 
glycogen, increased acid excretion in the urine, certain histologic 
and chemical changes and exhaustion." 

The modus operandi of epinephrin on the tissues is still in 
doubt. The experiments of Straub(92) and Kretschmer(93) 
bring some interesting facts to light, and, furthermore, tend to 
show the physiological action of the epinephrin in the system. 
The conclusions drawn from the experiments were, according to 
Straub : 

"1. Poison, which is already incorporated in the specifi- 
cally affected cells, is impotent. 

2. Poison, that is not incorporated, is likewise impotent. 

3. But the poisonous action is present only during and 
throughout that period where the poison is being in- 
corporated into the cells." 
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The amboceptor hypothesis as advanced in this article is in 
agreement with these conclusions. The sensitization action of 
the suprarenal medulla secretion is perhaps! active during the 
time it is being incorporated in the cells and at the same time 
the poisonous molecule of the proteid is being neutralized. 

The hypophysial mechanism and the relation of the thyroid 
mechanism to it will be discussed later. Suffice to say for the 
present that the hypophysial mechanism consisting of the ante- 
rior and 'posterior lobe of the hypophysis and the suprarenal 
cortex has under its control carbohydrate and fat metabolism 
and the cells of mesodermal origin. The hypophysis is an ecto- 
dermal structure and theoretically sensitized by the parathyroids 
and suprarenal medulla. In reference to its embryology, Gray's 
"Anatomy" (94) says: "The hypophysis is a structure of two- 
fold origin, giving rise to a division into a prehypophysis and 
a posthypophysis. The posthypophysis alone is of neural ori- 
gin, developing as a neutral diverticulum, from the primitive 
neural tube. The prehypophysis develops from the stomadiBum, 
or primitive buccal cavity, as a tubular diverticulum (Rathke's), 
Ti^ich eventually loses its connection with the oral tissues to be- 
come included within the cranial cavity and intimately attached 
to the neural bud. Both pre- and posthypophysis are therefore 
of ectodermal origin and have developed from a conjunction of 
surface tissues which have migrated from opposed (ventral and 
dorsal) parts through the head! The prehypophysis is much the 
larger and somewhat embraces the posthypophysis; the two are 
inseparable, however, and together occupy the fossa hypophysis 
of the sphenoid. The two parts of the hypophysis are as distinct 
in structure as they are in embryonic origin. The posthypophy- 
sis consists of a mass of neuroglia, connective tissue, and blood- 
vessels: the structures of the prehypophysis is distinctly glandu- 
lar, resembling that of the parathyroid bodies. The tuber is a 
thin-walled conical projection in the intercrural space cephalad 
of the albicantia. Its apical portion is attentuated to form the 
stalk of the hypophysis; this is generally termed the infundibu- 
lum, while the cavity of the funnel-shaped diverticulum is called 
the infundibular recess of the third ventricle. The gray lamina 
composing the tuber is continuous with the central ventricular 
gray and, therefore, with the terma." 

It has been assumed from the facts at hand that the action of 
the parathyroids is on the prehypophysis or anterior lobe, while 
the suprarenal medulla's action is on the posthypophysis or pos- 
terior lobe. While for the present all the reasons for this as- 
sumption will not be given, as it would only serve to detract the 
reader from the issue, nevertheless it can be understood from 
the above why epinephrin may cause glycosuria, i.e., its action 
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has a stimulating effect on the posthypophysis which is con- 
cerned in carbohydrate metabolism. And, likewise, why thyroid 
extract frequently causes glycosuria. 

It is to be especially noted that there is present in the post- 
hypophysis a certain amount of chromaffin tissue. Kaufmann(95) 
says: "Unter den Zellen des driisigen Teils hat man groze chro- 
maphile Zellen (Fleseh) unter denen man nach Schoenemann bei 
Hamalaum — Eosinf orbung rot oder blau gef arote eosin und Cya- 
nophile — oder auch acido kleine weist, unscharf, begrenzteile, 
Zellen, Steedt's Hauptzellen unterscheiden." 

Furthermore, there, seems to be evidence that the pituitary 
contains epinephrin as Ediown by the following: "Pituitary ex- 
tracts when prepared by certain methods," Watanabe and Craw- 
ford (96) state, "yield color reactions which would suggest the 
presence of epinephrin or an epinephrin-like compound, and the 
physiologic actions of such solutions can be explained by the 
presence of such a compound, but modified by admixed sub- 
stances. Epinephnn has not been isolated from these glands, 
and this may be due to the small amounts present which. would 
not be precipitated by the method now used for obtaining epi- 
nephrin." 

It has been noted that cataract formation and optic neuritis 
are of frequent occurrence in tetany, while the special sense of 
sight is not particularly affected in Addison's disease. This is 
due to lack of parathyroid action. It is seen that the optic 
nerve has a special development. "Optic vesicles appear as two 
diverticulum, each budding from either side of the primary fore- 
brain vesicle, their distal ends growing considerably and com- 
ing into contact with the overlying epidermis while the proximal 
or attached ends assume a stalk-Hke shape. The distal sac-like 
end becomes invaginated and forms the retina of the eye, while 
the stalk upon obliteration of its cavity forms the optic nerve. 
It is necessary to state here that as development proceeds, the 
optic stalk becomes relatively shifted caudad and forms more 
intimate connections with the thalamus and mid-brain." 
(Striimpell).(97) The fibers of each tract pass by way of the 
pulvinar of the optic thalamus, the external corpus geniculatum 
and the anterior corpus quadragemina to the cortex of the occi- 
pital lobe. 

Disturbances of vision are found most constantly in diseases 
of the cimeus, particularly of the cortex about the calcarine fis- 
sure and the first occipital convolution. In this region the sen- 
sations of light as such, seem therefore to take their rise. The 
parathyroids sensitize this white optic nerve. In this regard 
may be mentioned the following from Gray's "Anatomy."(98) 
"Special Types of Gray's Substance." 
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1. The Occipital Lobe, — In the euneiis and the calcarine fis- 
Bure, the occipital lobe, Cajal has recently described as many as 
nine layers. Here the inner band of Baillarger is absent; the 
outer band of Baillarger or band of Gennari is, on the other 
hand, of considerable thickness. — ^In the layer of small pyramidal 
cells, fusiform cells identical with the above are seen as well as 
ovoid or star-like elements with the ascending axones, the cells 
of Martinotti. Those of the cortex form the visual center, and 
it has been shown by Dr. J. S. Bolton that in old-standii^ cases 
of optic atrophy the thickness of Gennari's band is reduced 
nearly fifty per cent. 

To show that the band of Gennari is of white substance, and 
therefore sensitized by the parathyroids, the following extract is 
quoted: ''An alteration of gray and white stripes is discernible, 
particularly in the occipital cortex, where a white band runs par- 
allel with the cortical surface between two gray strata; this 
white stripe first described by Gennari, and uslaUy beari^ his 
name, is also called the band of Vicq d'Axyr."(99) It must 
not be forgotten, however, that parts of the eye proper are sensi- 
tized by the suprarenal medulla, viz., the retina, iris, choroid. 

Since the hypophysis is of ectodermal origin, and is, therefore, 
under the control of the thyroid mechanism, naturally the effects 
of the latter mechanism and thyroid extract are far more effec- 
tual and successful than any other glandular extract. If, how- 
ever, the hypophysial mechanism is primarily involved, the effects 
would be seen in the tissues under its control, while primary 
thyroid disease would not alone be manifested in the ectodermal 
tissues, but if the disease persisted for any length of time, the tis- 
sues under hypophysial mechanism control would likewise give 
rise to symptoms and changes. 

Theoretically, hypothyroidism means hypoproteinism, and 
vice versa hyperthyroidism means hyperproteinism as assumed 
that the thyroid secretion controls the rate of deamination. Fur- 
thermore, a decrease or increase of parathyroid and suprarenal 
medulla secretions will through their action produce hypo- and 
hyperproteinism respectively. 

That in myxedema there is present hypoproteinism and in 
exophthahnic goiter hyperproteinism are famihar facts to all. 
The close relationship of the thyroid, parathyroid and protein 
metabolism is also shown by the following extracts taken from 
McHarrison's(lOO) experiments, "Approximately, thirty-three 
per cent of the offspring of goitrous parents are bom with nor- 
mal thyroid and parathyroid glands. Where there is congenital 
disease of the parathyroid glands there is also congenital disease 
of the thyroid gland. Congenital parathyroid disease is due to 
the action on the fetal gland of toxic products of anaerobic or- 
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ganisms absorbed from the maternal intestines. Congenital goiter 
is due to the action on the fetal thyroid of toxic substances de- 
rived from the intestine." He also drew attention to the pre- 
viously undescribed nervous symptoms from which about one- 
third of all cretins suffer, and attributed the condition, which 
he named nervous cretinism, to parathyroid defect. He con- 
cluded by stating that the def ect^n cretinism is one of the whole 
thyroid mechanism of the parathyroids as well as the thyroid 
gland. 

Tetany, like goiter, occurs in endemic and epidemic form. 
It may follow infections, and Oddo suggests that it may only 
be active in the presence of some special form of perverted di- 
gestion. The similarity between infectious diseases and exoph- 
thalmic goiter is being noted regularly. Sabourin(lOl) calls at- 
tention to the frequency of symptoms suggesting exophthalmie 
goiter in the course of tuberculosis. He calls this special form 
**petit Basedowisme." And again, "Biolokur(102) (in the 
Russky Vrach, Petrograd) thinks that there is a causal connec- 
tion between tuberculosis and Basedow's disease. In ten per cent 
of his tuberculous patients he found symptoms of exophthalmic 
goiter; predominantly in women, one man to ten women. Symp- 
toms of excessive thyroid fimctioning may occur in the very in- 
cipient stage of tuberculosis. They seem independent of the 
gravity of the case, the age, sex, etc. In fact, he thinks that 
symptoms of Basedow's disease may indicate the existence of a 
latent tuberculous infection. When tuberculosis symptoms are 
pronounced the symptoms of Basedow's disease change the clin- 
ical picture, producing a thyroid-tuberculosis combination. Suc- 
cessful treatment of the exophthalmic goiter symptoms may im- 
prove the puhnonary process." The latter statement, according 
to the present hypothesis, should read, '^Successful treatment of 
the pulmonary process may improve the exophthalmic goiter 
symptoms." lii tuberculosis, a chronic protein disturbance is set 
up by the tubercle bacillus, and as it gives off its toxic protein^ 
the thyroid mechanism must increase ite function, thus resulting 
in the suggestive symptoms. The longer an infection persists 
the more apt are the suggestive symptoms to make their appear- 
ance. Pottenger(103), in analyzing the symptoms of tuberculo- 
sis, classifies them according to toxic, reflex and those due to the 
tubercular involvment itself. 

Scattered through literature are reports of cases of acute en- 
largement of the thyroid gland being almost without exception an 
accompaniment of infectious diseases. Strumpell(104) says, 
''There can be no doubj; that every time food is taken in large 
amount, there is a temporary increase in the activity of the 
heart, the frequency of the pulse and the tension. This is in 
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part because th^ specific gravity of the blood is temporarily in- 
creased by the material taken into it and in part because the 
products of metabolism in the blood have a direct stimulating ac- 
tion upon the heart or blood vessels, finally because the excessive 
ingestion of liquids temporarily increases the total amount of 
blood.'' In the second part of this statement is seen a possible 
connection between a temporary stimulating condition and a 
permanent one, as seen in exophthalmic goiter. 

That there is an increase in protein products in the blood 
following a hearty meal seems to be proven by the experiments 
of Tranter and Rowe(105), who observed through the refracto- 
metric method the determination of albumin, globulin and non- 
protein in normal blood-setum. In their one case, the total 
amount of albumin was proportionately increased one hour after 
a hearty meal. Furthermore^ the tet^ albunoin was very much 
higher than any one in their series, the normal average being 6.20 
per cent, while in this case it was 7.79 per cent with a globulin 
per cent of .66, average in series 1.74. While of course not con- 
clusive, nevertheless it is suggestive. 

Since there appears te be an increased protein content in 
the blood after a hearty meal, the thyroid mechanism would in- 
crease its fimction, and so the clinical evidence tends to show. 
Chas. Beeson(106) says that out of three hundred and sixteen 
cases of pellagra, thyroid disease complicated twenty-five, more 
than twice as many as the other complicating diseases. 
Morse (107) found in this disease degenerative changes in the 
thyroid and suprarenaJs. 

It is interesting to note the adrenalin content of the supra- 
renals under certain pathological conditions. The changes 
noted in the suprafenals following infectious diseases has long 
been known and have been studied experimentally. Roux and 
Yersin(109) described a high-grade hypersdmia in guinea-pigs 
following diphtheria infection or intoxication. Charrin and 
Langlois(llO) found a marked hypersBmia and increased volume 
in the suprarenals following pierotoxic injections and Pettit(lll) 
was able to show the histological changes. Marked changes in 
the suprarenals, namely, necrosis and hemorrhages, were found 
by Bogomolez (112) after infection with diphtheria bacilli; Tarch- 
anow(113) after Bacillus pestis; Labzine(114) after strepto- 
coccus. These hypersBmic suprarenals following infection con- 
tain, according to Langlois, the active blood-pressure raising sub- 
stance in almost limitless quantities. While in chronic infec- 
tions with the suprarenals enlarged three to four times their 
normal volume, this substance is almost lacking. 

The suprarenals obtained from rabbits dying of diphtheria 
toxemia and various other bacterial toxins do not, according to 
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Li]kaeh(115)y contain the blood-pressure raising and mydriatie 
substance. This author has found that suprarenal extract taken 
from animals poisoned with phosphorus or with uremia was in- 
ert, while that taken following hunger and fever and alkali poi- 
soning as well as severing of the spinal cord was potent. Schur 
and Wiesel(116) found, after double nephrectomy, epinephrin in 
the blood and changes in the chromalffin tissue network, this 
being evidenced by chromaffin cell masses in the suprarenal 
medulla as well as chromaffin cell masses. Following long 
standing kidney irritation and damage, it is possible to produce 
hypertrophy of the suprarenal meduUa as well as that of the free 
chromaffin bodies. Molnar and Goldzieher(117) found in rab- 
bits epinephrin in the blood following subcutaneous injections of 
boiled kidney juice and the histological examination of thirty 
cases of chronic nephritis in humans revealed hypertrophy of 
the suprarenals. 

Since the hypophysis is an ectodermal structure, and having 
shown that to some extent conditions of the thyroid are often 
reflected in the hypophysis, the latter mechanism will now be 
considered. It was found after careful study that this mechan- 
ism has under its control the cells derived from the mesoderm. 
The hypophysial mechanism consists of the following: — 

1. The anterior lobe of the hypophysis (analogous to thy- 
roid). 

2. The posterior lobe of the hypophysis (analogous to para- 
thyroids). 

3. The suprarenal cortex (analogous to the suprarenal me- 
dulla). 

4. The cells of mesodermal origin. 

5. Carbohydrate and fat metabolism. 

The function of the anterior lobe is similar to that of the 
thyroid gland and, like it, is the keystone of this mechanism. It 
is the activator of carbohydrate and fat metabolism, the amount 
of its secretion will determine the rate of carbohydrate and fat 
metabolism in the blood. This portion of the gland is essential 
to life, as proven by Gushing (118) and confirmed by the experi- 
ments of Biedl(119) and others. The posterior lobe, which is 
not essential to life, according to experiments, and the suprarenal 
cortex, like the parathyroids and suprarenal medulla, have a 
two-fold action, namely, they are amboceptors or building stones 
which act on the carbohydrate and fat products in the blood, and 
likewise sensitize the cells of mesodermal origin. The action 
only takes place when the posterior lobe or suprarenal cortex 
secretion has sensitized the mesodermal cell and has united with 
the carbohydrate and fat metabolic products in the blood. It 
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will be seen that whenever the h3rpophysial mechanism is dis- 
eased, the mesodermal cells are the ones which show the pathol- 
ogy and symptomatology. 

The deduction that the anterior lobe of the h3rpoph3rsis 
through its secretion activates carbohydrate and fat metabolism 
has been made from clinical and experimental studies. De- 
lille(120)9 by giving injections of h3rpophysial extracts over a 
course of fourteen months, found a decided increase in the fat 
assimiliation of four rabbits. The close relationship of carbo- 
hydrate and fat metabolism is well known^ and it is to be re- 
called that Beta and oxybutyric acid formation are common in 
diabetics. In disturbances of the hypophysial mechanism, it 
would be expected that any part of the mechanism would bring 
with it disturbances of carbohydrate and fat metabolism. What 
would be a striking support to the theory advanced is the state- 
ment of Falta that the pancreatic insular apparatus is mesoder- 
mal in origin. Thus can be seen how the anterior lobe may 
influence the carbohydrate metabolism. This point cannot be 
elaborated upon at present, since all authors are not agreed that 
the apparatus is of mesodermal origin. It would, however, 
readily fit in with the theory and go far towards explaining car- 
bohydrate metabolism and many other more obscure points. 

The tissues derived form the mesoderm are as follows: 

I. Mesenchyma. 

(a) Connective tissue. . 

1. Cutis. 

2. 'Tendons, etc. 

3. Cartilage. 

4. Bone. 

5. Marrow. 

(b) Lymph glands. 

(c) Spleen. 

(d) Blood-vessels. 

1. Blood (in part). 

(e) Lymphatic system. 

(f ) Fat Cells. 

(g) Smooth Muscle. 

II. MesamoBboids. 

(a) Leucocytes. 

(b) Red blood cells (embryonic). 

(c) Marrow cells. 
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III. Mesothelium. i 

(a) Peritoneum. 

(b) PleuraB. 

(c) Urogenitals. 

1. Wolffian body. 

2. Kidney. 

3. Ovary. 

4. Oviduct. 

(1) Uterus. 

(2) Vagina. 

(d) Striated Muscles. (Cardiac cell muscle.) 

Theoretically, then, these are the tissues that must show the 
pathology and give the symptomatology in diseases of the hy- 
pophysis. Naturally, the posterior lobe and suprarenal cortex 
sensitize different parts of the mesoderm. From the evidence, 
it has been deducted that the posterior lobe sensitizes the cells 
derived from the mesenchyma and amoeboids, while the supra- 
renal cortex (whose origin is from the mesoderm), sensitizes the 
cells derived from the mesothelium. 

Since protein disturbances are much more common because of 
the bacterial diseases, disturbances of the hypophysis are not as 
common as those of the thyroid. However, a prolonged thyroid 
mechanism disturbance is certain to produce, in the course of 
time, changes in the hypophysis. In connection with these re- 
marks may be mentioned Salamous'(121) discussion of harmless 
diabetes in the young. He says that one of the features of the 
case was familial character, and that the patients had a neuro- 
pathic character, and that after excitement the proportion of 
sugar in the urine was higher, regardless of diet. The most 
likely cause of this is, no doubt, to be ascribed to thyroid mechan- 
ism disturbance with resulting change in the h3rpophysis. This 
will be discussed with adrenalin glycosuria. 

Acromegaly, being the t3rpical disease of the hypoph3r8iB, it 
shall be used as an example to demonstrate the hypophysial con- 
trol of the mesodermal cells. 

Connective tissue, cartilage, hone, etc, — The subcutaneous tis- 
sue is thickened by connective tissue growing in and around the 
fat lobules, sometimes forming fibrous tumors. Similar growths 
surround the sweat glands and nerves, and sometimes pass be- 
tween the nerve fibers. (Note the following in contrast to thy- 
roid diseases) : The hair follicles, sweat glands, and blood-vessels 
in the skin are not notably altered. The connective tissue over- 
growth also occurs in the muscles. This connective tissue altera- 
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tion is present in many parts of the body. The nose, tongue, 
hands, etc., all have an increase in connective tissue. The lai^nz 
becomes enlarged, so that the voice of both men and women be- 
comes a deep pitch. All the bones of the body are more or less 
strikingly enlarged. The bones of the extremities show very 
marked enlargement. The cranial skull becomes much en- 
larged and the ribs thicker. This bony enlargement is a true 
hyperplasia. 

Lymph-glands. — The lymph-glands are enlarged. The follow- 
ing extracts from Falta(122) show the changes in the 
blood-vessels: ''The vascular system in the later stages of 
acromegaly almost always show changes. A slight grade 
of arteriosclerosis develops. Microscopical examination gJiows 
that the three vascular coats are involved in these changes, 
and that the media becomes poor in muscle fibers. Varices 
are striking frequent." Hemorrhoids are also of fre- 
quent occurrence. Blood {in part). Mononucleosis and h3rper- 
eosinophilia is the rule in acromegaly. 

Fat cells, — ^An increase in the deposition of the fat cells is 
everywhere apparent. 

Smooth muscle. — The intestines in acromegaly may be double 
their length. (Musculature increase?) 

Mesothelial structures. — Peritoneum and PleurcB. — No men- 
tion of these latter structures is made in postmortem reports, so 
that no evidence can be presented concerning changes in these 
parts. Theoretically, however, an increase in the thickness of 
these layers would be expected in the beginning of the disease. 

Kidneys. — The kidneys are strikingly large, and on micro- 
scopical examination show enormously large glomeruli. 

Ov<try, Testicle. — Falta(123) says: "Here we mostly find 
premature lessening or loss of function. — ^At beginning of the dis- 
ease there is found, not at all rarely, signs of increased func- 
tion." After the disease has persisted for some length of time, 
the ovaries and testicles are found to be degenerated and 
oogenesis and spermatogenesis are absent. Why these condi- 
tions are present will be fully discussed with the sexual glands 
and their relation. 

Urogenitals, Uterus, Vagina. — The external genitalia often 
show a distinct hyperplasia. The penis, the labia manora, and 
the clitoris may increase in dimenfflons. This* persists to the 
end of the disease. The vagina also increases in length. The 
uterus is invariably smaU. 

Striated Muscles. — ^"In many cases the muscle strength is 
not diminished in the initial stages. Sometimes such individuals 
show even extraordinary strength." (123) Muscular weakness 
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generally follows later in the disease. The heart often hyper- 
trophies to an enormous degree, sometimes known as the ''cor 
hovis." It soon degenerates, however. 

The hypophysis in these cases is generally adenomatous. 
There is an increase of the glandular structure and therefore 
an increase in the function of the hypophysial mechanism. 
Theoretically, the suprarenal cortex should share in this h3rper- 
functioning, and such is the clinical and pathological finding. 
The suprarenal cortex id almost invariably hypertrophied. 
Falta(124) is again quoted: ''In two cases Fischer found enor- 
mous suprarenals; the enlargement affected especially the cor- 
tex; also Delille saw this several times. Lately Fischer and 
Schultz found enlargement of the suprarenals in two cases of 
acromegaly, in one of which (a case of early acromegaly) the 
suprarenals were enlarged about five times at least." The ab- 
normal hairiness, so often present in both men and women in 
this disease, will also be discussed with the sexual glands. 

In the early stages of acromegaly, there is a lessened toler- 
ance for carbohydrates and frequent glycosuria, while in h3rpo- 
aetivity there is an increased tolerance and no glycosuria. This 
would lend support to the view taken in regard to the hypophy- 
sis and carbohydrate metabolism control. 

The anterior lobe, being essential to life, is similar in many 
respects to the thyroid. It is the keystone of the mechanism. 
Gushing (125) showed that the anterior lobe is essential to lifci 
while partial removal resulted in disturbances of growth, carbo- 
hydrate and fat metabolism, and in sexual gland changes. In 
the early stages of acromegaly, there is found in about forty 
per cent of cases, glycosuria and in the later stages, when hypo- 
activity sets in, an increased tolerance for carbohydrates. Clin- 
ically, it is seen that in cases of acromegaly, the thyroid gland 
is enlarged and this enlargement is due to a true hyperplasia 
of the glandular tissue. The hypothesis would be in accord 
with such findings. 

The action of the posterior lobe is a sensitizing one on the 
mesenchymal cells. The marked physiological action of its extract 
would tend to prove this. It causes contractions of the smpoth 
muscles. The blood pressure is- raised through its action on 
the blood vessels. It has .been shown that its action is directly 
on the muscle cells and independent of sympathetic nerve in- 
nervation. The action on the carbohydrates as assumed in this 
article is also supported by the physiologicid action. Goetsch, 
Gushing and Jacobson(125) found a decreased tolerance for 
carbohydrates following its injection. This was more marked 
in animals whose tolerance had been raised by previous extir- 
pation of this lobe. As the discussion of the hypophysial mech- 
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anism proceeds, it will be seen that the action of the posterior 
lobe is exclusively on the mesenchymal cells. 

The action of the suprarenal cortex on carbohydrate and 
fat metabolism is borne out by certain facts. Forchheimer(12p) 
says, ^'Recently attention has been called to certain changes 
in carbohydrate metabolism in this disease (Addison's), which 
afford further proof of a relation of the suprarenal glands to 
carbohydrate metabolism. Experiments on animals deprived of 
their suprarenals have revealed interesting relations of these 
glands to carbohydrate metabolism. Bierry and Malloisel(127) 
and Forges (128) have found a condition of hypoglycemia. Forges 
found the same in three cases of Addison's ^sease." The hj^o- 
glycemia is probably due to both loss of suprarenal medulla 
and cortical secretion, and besides its other actions, the action 
of the medullary secretion on the posterior lobe is lessened and 
the cortical secretion on the carbohydrate products is also les- 
sened. 

In the suprarenal cortex are found the cortical cells with 
thfe lipoid nuclei, called cortical nuclei. The nuclei are inten- 
sively stained by the fat-staining dyes (Sudan III, Scarlet Bed). 
A. C. Croftan(129) has found in the cortical substance a dias- 
tatic ferment. There is also found in the cortical portion a 
considerable amount of cholia, Guerrini(130) and F. Manno- 
Zucco(131) in 1888 showed that watery extracts of the supra- 
renals contained cholin, called at that time, neurin. Cholin is 
a split product of lecithin. The lecithins are saponified by alka- 
lies, yielding fatty acids, the glycero-phosphoric acid and cholin. 
like the true fats, they are soluble in ether. According to 
Biedl(132) cholin is a product of the cortex. . 

The suprarenals also contain lipoids, and the fatty content 
of these glands was demonstrated long ago. These lipoids, as 
has abundantly been proven, belong to the cortex, which, as 
remarked before, contain the lipoid granules. Acccording to 
K611iker(133) there are certain animals whose cortex assumes 
a yellowish-white color. Forchheimer(134) says, "The most 
characteristic function of the cortex is its content of doubly 
refracting lipoid substances; among these, lecithin and certain 
esters of cholestrin are especially abundant. Hunt isolated cholin 
from the suprarenals; later Lohmann showed that about nine 
times as much of this substance could be obtained from the 
cortex as from the medulla. The hypothesis has been suggested 
that one of the functions of the suprarenal cortex is to make 
and secrete lipoids for use in other parts of the body." 
Biedl(135) gives the percentage of lipoids in the dry substance 
of the suprarenals as sixty-two per cent. He says that this 
wealth of lipoid substance in the cortical portion makes it pos- 
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sible that its function is to supply the body with necessary fat- 
building substances. In Biedl's work may be found abundant 
references to the lipoid and carbohydrate action of the supra- 
renal cortex. Hypoglycemia has been reported by Bierry and 
Malloisel(127) in suprarenalectomized animals. Eppingeif, 
Falta and Rudinger(136) found that phloridzin produced only 
a slight glycosuria in suprarenalectomized dogs. Furthermore, 
they found a high carbohydrate tolerance in Addison's disease. 

There is a host of evidence to prove that the suprarenal cor- 
tex secretion controls the cells of mesothelial origin. Loss of 
the suprarenals or hypertrophy of the cortex should theoret- 
ically result in atrophy and hyperplasia respectively of these 
tissues, and so it is found clinically. First, its action will be 
considered when hypofunctioning or its secretion is entirely 
absent. *^ovak(137) studied this question (action on sexual 
organs) on one hundred and sixty-six rats, findiilg that the 
genital organs in young rats showed extreme changes after the 
adrenals on both sides had been removed and the sexual func- 
tioning was correspondingly much reduced. The atrophy and 
hypoplasia of the genital organs were more pronounced the 
younger the rat at the time the adrenals were removed." 

In anencephalous individuals, there is found, as previously 
mentioned, aplasia of the suprarenals. In these fetuses are 
also found under-development and anomalies of the genital 
organs. In the hypothesis, it was assumed, therefore, that the 
anecephaly and suprarenal medulla are related, while the supra- 
renal cortex and genital organs are related as stated. Since 
there is a plasia of both medulla and cortex, the theory is in har- 
mony with the fact that there is lack of brain and genital devel- 
opment. Cases are often reported in which the secondary sexual 
characteristics do not develop, and accompanying this is a de- 
generative or sclerotic changes in the suprarenal cortex. In 
Addison's disease, it was seen that among other symptoms there 
is a marked asthenia in the striated muscles, including the car- 
diac muscle, and amenorrhea and impotency in the male. The 
muscles which have no sympathetic innervation are the striated 
muscles, and these are derived from the mesothelium. 

Biedl(138) has concluded from extirpation experiments on 
animals in whom the two parts of the glands are separated, that 
it is the loss of the cortical substance which causes the asthenia. 
Ho8kins(139) of this country also comes to the conclusion that 
it is the loss of cortical substance which causes the asthenia. 
Concerning, the amenorrhea and impotency, Kyrle(140) has 
found a deficient spermatogenesis and degenerative changes in 
the interstitial glands in Addison's disease. Congenital h3rpo* 
plasia of the suprarenals invariably results in marked degenera* 
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tive changes in the testicles. The kidneys in Addison's disease 
are also altered — ^they are smaller than normal. Pigmentations 
of the peritoneum have been found by some authors, which 
Osier (141) says is not considered of importance. This is men- 
tioned merely to show that these cells (mesothelial) are also 
altered. 

In h3rperfunctioning of the cortical portion, the tissues de- 
rived from the mesothelium share in the h3rperfunctioning. 
Forchheimer says, ^'An association between tumors of the supra- 
renals and precocious sexuality has been found; the fact that 
this condition occurred with tumors of cortical and not with 
those of the medullary origin suggests that the former part has 
some relation to the sex organs. On the other hand, it is stated 
that in Addison's disease and in congenital hypoplasia of the 
suprarenals, there are marked changes in the testicles." Hyper- 
plasia is especially noted in the cortex in cases of hema- 
phroditism. 

Falta,(142) in discussing adepomata of the cortex, says, 
'^They may proceed from the cortex itself, or may originate in 
the separated germs of the cortical system in the kidney or in 
the genitalia, etc." Furthermore, he goes on to say that ''with 
the development of such hyperfunctionating cortical tumors in 
the childish organism, there occurs an enormously accelerated 
development of the body, a premature development of the geni- 
talia." There are hundreds of cases reported in which hyper- 
plastic conditions of the cortex resulted in sexual changes. Quite 
frequently, also, are reported cases of women who shave, are 
masculine in character, with deep pitched voices, etc., have hyper- 
plastic conditions of the cortex. Li these individuals are asso- 
ciated an overdevelopment of the musculature. It will be re- 
membered that in acromegaly there is usually a suprarenal cor- 
tex hyperplasia. The kidneys are strikingly large in this dis- 
ease. Falta(143) says in part in describing acromegaly that 
there is ''marked accentuation of the function of the gemtal 
glands after preliminary transitory increase of function and ap- 
parently, frequently hyperplasia of the suprarenal cortex." It 
will be seen, therefore, that there is an increased function present 
and theoretically due to the cortex. Why this is not a lasting 
condition will be discussed with the sexual organs and their 
function. 

Furthermore, as remarked by Kaufmann,(144) in hypoplas- 
tic conditions of the suprarenals, besides the brain defects, there 
are defects in the urogenital system. The case of Launois, 
Pinard and Gallais(145) is interesting in this regard. A nine- 
teen-year-old girl menstruated at the age of thirteen. At seven- 
teen, violetit vomiting, gradually colossal obesity, mental changes. 
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cessation of menstruation, emaciation, then diffuse depilation, 
and only then hypertrichosis and myasthenia. The girl appeared 
to be much older than she was. She had a black beard and 
mustache. At postmortem were found a tumor of the right 
suprarenal. This illustrates the muscular asthenia and under- 
development of the ovaries. In this brief review of symp- 
tomatology and pathology of the suprarenal cortex it is seen 
that cortical hyploplasia results in failure of development of the 
mesothelial tissues. 

In hyperplasia of the suprarenal cortex, attention is called 
to the fact that there is a hyperdevelopment or hyperfunctioning 
of the mesothelial tissues. In that type of tumors known as 
the hyperfunctionating cortical tumors or hypemephromata, 
there is seen in the child before puberty an enormous develop- 
ment of the genitalia and intemsil sexual organs. This results 
in precocious sexuality, with its characteristic development of 
body and mind. In other words, the secondary sexual charac- 
teristics appear very early. There is no doubt that the prema- 
ture development of the sex glands accelerates body growth 
through its stimulating action on the other ductless glands. 
How this is accomplished will be discussed later. 

There are many cases reported of suprarenal cortical tumors 
with an accompanying precocious sexual development. Bullock, 
Sequeria,(146) Glynn (147) and others gave early reports of 
these findings. In cases of pseudo-hermaphroditism, hyperplastic 
conditions of the suprarenal cortex are invariably present. 
Marchand(148) first reported the autopsy findings. He found 
colossal hypertrophy of the suprarenal cortex and a large acces- 
sory suprarenal. Such hyperplastic conditions are to be ex- 
pected in the cortex when these mesothelial structures are in- 
creased in number and character. Interesting is the fact that 
hypemephromata at the menopause give rise only to obesity. 
Since the ovaries have been developed and their function is now 
in abeyance, no marked changes in the other tissues are to be 
expected. The hairiness found in these cases will also be con- 
sidered later. 

Hyperplastic changes are found in the suprarenal cortex dur- 
ing rut or in pregnancy (Guieyesse,(149) Stoerk,(150) and Y. 
Haberer.(151) Falta(152) says, "When the cortical tumors de- 
velop in the fully developed organs, the manifestations are quite 
diffierent. Here there comes about a pronounced disturbance of 
the functions of the sexual glands with involution of the uterus, 
and in addition a tendency to obesity and to the development 
of hairiness, both of which with respect to abundance and locali- 
zation are entirely masculine. The influence of the suprarenal 
cortex on the hairiness is especially unmistakable in all the con- 
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ditions 'mentioned. We find abnormal hairiness in pseudo- 
hermaphroditism feminus, in the premature development in 
childhood, in the cortical tumors that develop in the adult organ- 
ism; perhaps just in cases of acromegaly with hyperplasia of 
the cortex, and finally, as is known, in pregnancy, in whieh 
hair begins to grow in places that otherwise represent the virile 
type. Therefore, it seems necessary that in the future, when 
the question is asked as to which in^uenees the secondary sexual 
characters have to thank for their origin, attention should be 
paid to the suprarenal cortex. The near relationship that the 
suprarenal cortex and the substances of the sexual glands sho^ 
embryologically and morphologically seems also to exist in the 
function of these parts.'' 

It was said in the h3rpothesis that the hair development is 
controlled by the parathyroids, and in the next chapter on the 
sexual glands, it will be shown that the suprarenal cortex pro- 
duces these changes only secondarily. Rolleston(153) and 
Molon(154) have called attention to the resemblance of the 
cortical cells to the luteal cells. In acromegaly, as has been 
noted, the kidneys are frequently of a very large size and there 
is present a true hyperplasia as shown by microscopic section. 
Enormously enlarged glomeruli are seen. In two cases, 
Fischer (155) found immense suprarenals; the enlargement af- 
fected especially the cortex; also Delille(156) saw this several 
times. Lately, Fischer and Schultze(157) found enlai^ement of 
the suprarenals in two cases of acromegaly, in one of which 
(a case of early acromegaly) the suprarenals were enlarged five 
times at least. Kidney changes are therefore quite uniform. 

It is also evident that the musculature in pseudo-her- 
maphroditism becomes quite masculine, as the striated muscles 
are derived from the mesothelium. Schur and Wiesel(158) saw 
in partially nephrectomized animals a hyperplasia of the supra- 
renals. This is possibly a compensatory measure on the part 
of nature. 

The hypophysial mechanism has under its control many im- 
portant structures, and it greatly influences thereby the body 
development. Since the hypophysial mechanism is controlled by 
the thyroid mechanism, it can be understood why the osseous and 
genital systems in cretins are under-developed. It is because of 
the lack of stimulating thyroid secretion on the hypophysis. 
On the other hand, feeding thyroid extract to the very young 
increases bony growth. It is used by some of the profession to 
stimulate callous formations in fractures. For the same reason, 
the changes in carbohydrate as well as in protein metabolism 
can be understood. As the thyroid is the keystone of the thyroid 
mechanism, so is the anterior lobe of the hypophysis the key- 
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stone of the hypophysial mechanism. If there is hypof unetion- 
ing of the anterior lobe, then there is hypofunctioning of the 
posterior lobe and suprarenal cortex, and the same is true of 
hyperfunctioning. The mesodermal structures share in these 
processes. This holds good in all functioning diseases of the 
hypophysis. 

Hyperfunctiomng of the hypophysis means also hypercarbo- 
hydratism and increased fat metabolism, while hypofunctioning 
results in a hypocarbohydratism and increased tolerance plus a 
sluggish fat metabolism. The statement made by Van Noor- 
den(159) that the glycosuria in acromegaly shows a striking 
independence from the sugar value of the diet, is easily under- 
stood. In the early stages of acromegaly there is a hyperfunc- 
tioning of the hypophysis and a lessened carbohydrate toler- 
ance, while in the later stages a heightened tolerance is present. 
It is also to be remembered that diabetic disturbances of metab- 
olism occur in Basedow's disease, the so-called thyreogenic gly- 
cosuria. According to the theory, the cause lies in the stimu- 
lating action of the thyroid on the hypophysis. Falta comes to 
the conclusion that the anterior lobe of the hypophysis involves 
in some way carbohydrate metabolism, not by mobilizing the 
carbohydrates in the liver, but by an increase of the combustion 
in the periphery. The hjrpothesis is in accord with this con- 
clusion. 

Salamous'(121) article in regard to harmless diabetes in the 
young was previously mentioned. In these cases, a famihar 
characteristic and nervous temperament was noted. After ex- 
citement, the proportion of sugar in the urine was higher irre- 
gardless of diet. The close connection to the thyroid is very 
apparent here. The diabetes is due, according to the hypothesis, 
to the action of the suprarenal medulla on the posterior lobe of 
the hypophysis. 

Since the parathyroids sensitize the anterior lobe of the hypo- 
physis, disturbances in carbohydrate metabolism should be pres- 
ent when the former are diseased. When, as in tetany, the 
parathyroid secretion is diminished or absent, then there should 
result a disturbed carbohydrate metabolism. Falta (160) says, 
''in parath3a*oidectomized dogs, the assimilation limits for dex- 
troses are regularly reduced. Falkenburg and R. Hirsch, and 
also Frank P. Underbill and Tadasu Laiki, found this after 
parathyroidectomy and referred it to the absence of the thyroid 
gland." This is regarded in this hypothesis as directly due to 
the parathyroid absence. According to the experiments of Ep- 
pinger, Falta, and Rudinger,(161) the glycosuria following 
thyro-parathyroidectomy is due to the absence of the para- 
thyroids. 
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On the assumption that the bone development is under the 
control of the hypophisial mechanism and more particularly of 
the posterior lobe, it would not be unreasonable to suppose that 
calcium metabolism, which is so intimately connected with bone 
formation, is also under hypophysial control. Von Moracze^w- 
ski(162) found in a case of acromegaly pronounced retention 
of phosphorus, calcium, magnesium, and chlorin, and also 
nitrogen, and explains tiiis by the increased growth of tissue. 
Through feeding hypophysis tablets, the calcium, magnesium, 
and phosphorus excretion were increased. Very little has. been 
done in regard to experimental work on salt metaboHsm in 
acromegaly and it is only on cHnical grounds that it can be 
assumed that the hypophysis is connected with salt metabolism. 
As is well known, calcium metabolism is very materially affected 
in tetany. According to MacCallum and Vog^lin,(163) the cal- 
cium contents of the brain of parathyroidectomized dogs was 
lowered as was that of the blood. 

The fact that the healing of fractures is delayed and callus 
formation slowed, as determined by Morel (164) and Canal, (165) 
is not very surprismg. This is due to the lick of sensitizing 
action of the parathyroid on the anterior lobe which, as has 
been said, is the pacemaker of the hypophysial mechanism. 
Erdheim(67) showed that callus formation in parathyroidectom- 
ized dogs is poor in calcium, while Leopold and V. Beuss(166)' 
found the skeletons of parathyroidectomized rats poorer in cal- 
cium than the control animals. Quite convincing are the finding 
of Schiiller,(167) who found in chronic tetany a characteristic 
rarefaction of trabeculsB and marked atrophy in the bones as 
shown by the x-ray. These findings are also confirmed by 
Falta,(168) who remarks, however, that such findings as these 
were also found in cases which had no tetany. Attention is 
also called to the fact that in diabetes as well as in tetany a 
frequent formation of cataract is often present. The ciliary 
epithelium and lens of the eye are, as the reader will recall, of 
ectodermal origin and sensitized by the parathyroids, so that it 
may be assumed that in certain forms of diabetes there is a 
disturbance of both the parathyroids and hypophysis. Kahn 
and Falta(169) observed Chvostek's sign in cases of severe dia- 
betes; it is also found, however, in other severe metabolic dis- 
turbances. What would also seem to be confirmatory evidence 
of a sensitizing action of the parathyroids on the anterior lobe 
of the hypophysis is the fact that in tetany there are very 
marked disturbances in growth, delayed ossification, and atrophy 
of the bones, so that this again brings to mind the small stature 
of the cretins with the failure of the thyroid mechanism. The 
combination of tetany and osteomalacia will be discussed later. 
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Those interesting and important ductless glands, the seznal 
glands, will now he discussed. In this article, only the internal 
secretion portion of these glands will he considered. The many 
prohlems that these glands are involved in are so numerous 
that only a very few points can he touched upon. The prohlems 
of psychology, hody, mind and character development have a 
most important relation to these glands. Their importance on 
hody and mind development is readily seen following castration 
in the young. 

One of tiie many disputed points that has arisen in discuss- 
ing the sexual glands is whether the so-called ''soma cells" 
possess a sex of their own or whether the sex is determined hy 
internal secretory factors. The latter view is uphold in this 
article. Another much disputed question is what determines 
the sex of an impregnated ovum. Some writers take the view 
that all the cells of the emhryo are sexually differentiated, and, 
on the other hand, others claim that this is only determined 
secondarily. The latter view is also adhered to in this paper. 

Before discussing the questions ahove, the relations hetween 
the sexual and other ductless glands will he given. The sexual 
glands can he divided into two parts — ^the interstitial glands, 
which consist of Leydig's cells, and the glands of generation, 
which in man are the seminiferous tuhules and Sertoli's cells, 
and in women the follicular apparatus. In giving the functions 
of these sexual glands it has heen assumed that through their 
secretion they are antagonistic in action to the posterior lohe of 
the hypophysis, the parathyroids and suprarenal medulla. In 
other words, these exert an inhibitory action on one another. 
It produces an increased secretion from the thyroid and hypo- 
physial mechanism. Since the suprarenal cortex sensitizes the 
sexual glands and since it is part of the hypophysial mechanism, 
it can he seen that when the latter mechanism is functioning 
very actively, it will call forth, through the action of the supra- 
renal cortex, an increased sexual secretion, and thus Nature tries 
to maintain an equihbrium. However, a persistent hyperactivity 
of the hypophysial mechanism will, in time, lead to atrophy or 
d^enerative changes in the sexual organs. This will receive 
consideration later. 

At the time of puherty, all the ductless glands are called 
upon to their fullest extent in order to stimulate growth and 
development of the hody cells. This is manifested hy thyroid, 
hj^ophysial, suprarenal, and sexual glandular development. 
The increased thyroid and h3rpophysial secretions hring about 
a growth in the tissues normally under their control. When the 
sexual glands are fully developed and capable of forming sper- 
matozoa and ova, the girl and boy approach man and woman* 



60 DUCTLESS GLAND CELL CONTROL 

hood. At this time the nervous system is sensitive to all im- 
pressions and self -analysis becomes one of the charaeteristies. 
As for the nervous disturbances, these become very apparent, 
especially in the young lady. 

It is a well-known fact that the female is more subject to 
disturbances of her sexual glands than is the male, since she 
has the problem of menstruation to deal with. Eadi month, a 
ripe follicle bursts with the consequent formation of an ovum, 
and this is followed by the corpus luteum, to which is attributed, 
in this article, the antagonizing secretion. As this cycle is nor- 
mally gone through each month, it is obvious that the relative 
amount of thyroid and hypophysial secretions in the female are 
greater than in the male. The equilibrium maintained between 
the latter secretions and the antagonizing corpus luteum secre- 
tion is relatively greater. Quite naturally, therefore, her nervous, 
system is more subject to disturbances. Because of this peculiar 
equilibrium maintained between the ductless glands, as stated, 
and the female sexual glands, her brain is smaller than that of 
the male; she is more sensitive, shy, modest, and subject to 
disturbances of her gray matter, such as hysteria, neurasthenia^ 
psychoses, and to exophthalmic goiter. Note also the fine tex- 
ture of woman's skin and the distribution of the hair and its 
finer quality. A lessened ovarian secretion should theoretically 
result in a masculine type of woman. 

There is a host of evidence to show this antagonistic action. 
First will be considered the antagonistic action between the 
suprarenal medulla and the ovaries and testicles. If the tissues 
sensitized by the suprarenal medulla are again brought to mind, 
the number of disturbances that lack of its sensitization pro- 
duces is overwhelming. Since all the higher centers of the brain 
are in the gray matter, psychological disturbances are to be 
looked for in suprarenal disease. Naturally, character develop- 
ment also comes under its scope. It is, of course, well-nigh im- 
possible to consider all the disturbances this can create. For 
obvious reasons, puberty is the time when nervous disturbances 
are apt to make their appearance. If the individual inherits 
any ''nervous predisposition'' from either parent, the ductless 
gland activity at this time is likely to bring forth the occult 
predisposition. As an example, dementia precox, in which, it 
is very interesting' to note, there is a thyroid enlargement in 
perhaps a majority of cases. This enlargement has been noted 
by a great many neurologists. Feeding thyroid extract to these 
individuals gives beneficial results, but they are not brilliant. 
Perhaps if the feeding of thyroid extract had beg^un in infancy 
the remits might be more striking. The thyroid enlargement is 
no doubt a compensatory measure. 
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Notice at the time of puberty the shyness and modesty of 
the average girL Her vasomotor system (sympathetic) is irri- 
table and eafflly upset, as evidenced by blushing. The impres- 
sions made on the nervous system at this time generally last 
throughout active life. They remain more or less latent, but 
evidence themselves frequently in the characterization of an 
individual. It is not surprising, as assumed that the suprarenal 
medulla secretion controls the optic thalamus, the emotional cen- 
ter, that many nervous disturbances originate in fright or great 
emotional strain. The most striking example is exophthalmic 
goiter, the origin of which is ascribed by many to sympathetic 
nervous system disease. 

It would hardly be permissible to overlook, in relation to this 
discussion, the Freudian theory of sexual life. While, perhaps 
as in all other branches of medicine, the enthusiasm of the indi- 
vidual carries him too far, nevertheless a conservative viewpoint 
must grant that the foundation for Freudian teaching and theory 
is a sound one. The present hypothesis is in accord with the 
Freudian teachings. As assumed by Freud, hjrsteria is the result 
of ungratified sexual desires. Applying the present hypothesis 
to the problem, it would mean that ungratified impulses from 
the sexual glands call forth an increased suprarenal medulla 
secretion, stimulating the gray matter of the nervous system. 
The constant stimulus from the sexual glands to the suprarenal 
medulla and therefore to the higher centers of the brain results 
in an accumulation of nerve impulses, which in time results in 
a nervous explosion or discharge known as the globus major of 
hysteria. Again it is obvious from physiologic reasons why the 
female is more liable to this affection. Evidently the ancient 
teaching that the cause lay in the uterus (from which the word 
takes its origin, Cluster") ) is not so far amiss. The many 
bizarre types of psychic changes also find a ready explanation. 
The male is, as stated, less subject (one to ten) to h3^ria than 
the female as his impulses, while stored up in the optic thalamus 
and higher centers, have an exit in the so-called nocturnal emis- 
sions. 

So in pregnancy, the change in mentality that is so fre- 
quently seen is due to the, lessened suprarenal medulla secretion 
because of the more active sexual glandular secretion. It thus 
inhibits the action on the gray matter with the resulting mental 
changes. This is not always marked, as the thyroid and pitui- 
tary mechanisms through hypertrophy overcome this. This does 
not of course mean that these mechanisms simply hypertrophy 
to overcome sexual glandular activity, but to stimulate metab- 
olism. Naturally, there are. various degrees of disturbances be- 
tween these glands at this time. That the sexual glandular se- 
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<!retion is very active during pregnancy is shown by the fact 
that the corpus luteum is persistent for four months and there 
is, as proven by autopsies, an enormous increase in the inter- 
stitial glands as well as a suprarenal cortex hyperplasia. 
Chloasma, or the pigmentation of pregnancy, is also explained by 
the hypothesis. In ^ese women, the active interstitial or sexual 
glandular secretion gives rise to a lessening of the suprarenal 
medulla function with the resulting pigmentation as previously 
explained. 

It has been noted quite recently that vomiting of pregnancy 
is frequently relieved by corpus luteum feedings. This no doubt 
holds the suprarenal medulla's action on the vomiting colter in 
check. Recall the vomiting in Addison's and Basedow's disease. 
And for similar reasons corpus luteum extract is beneficial for 
nervousness following the menopause or even before this, as at 
the menstrual periods. 

The psychological problems that this hypothesis brings td 
mind are very many and in particular those relating to sexual 
psychology, a subject upon which many volumes have been writ- 
ten. It is not within the scope of this article to review or apply 
the principles to these various problems, but it cui be readily 
understood if the principle outlined is grasped. An active sex- 
ual glandular secretion — and by this is meant the internal secre- 
tion part of the gland — calls forth an inci'eased amount of 
suprarenal medulla secretion. The sexual impulses are stored 
in the psychic centers as kinetic energy, which when an excess 
has been stored become kinetic. In the insane, and particularly 
those who have inherited their insanity, there are brain defects 
and the pscyche is not well developed. A manly character is 
therefore lacking. Since true brain defects are often accom- 
panied by suprarenal atrophy, it is not surprising that sexual 
perversion in these individuals is very frequent. Their sexual 
organs are usually normal or over-developed and are function- 
ating freely, thus inhibiting the suprarenal medulla secretion. 

Eunuchs have no testicular secretion, with the result that the 
suprarenal medulla secretion is also lessened, as the equilibrium 
has been offset by testicular removal. A eunuch is generally 
apathetic, lazy, lacks character, and suffers from lassitude. The 
will power, ambition, ''backbone," and "spunk" of normal men 
are missing. On the other hand, sexual excesses may idso do 
harm, for the constant exaggeration of stimuli resulting in a 
hyperfunctioning of the suprarenal medulla finally gives rise 
to an exhaustion of the latter with the consequent nervous dis- 
orders. 

The antagonistic action between the posterior lobe of the 
hypophysis and the sexual glands will now be considered. It 
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will be recalled that there is an enla]:]geiiient of the hjpophysiB, 
a mai^d accentuation of the interstitial glands, followed later 
by a loss of function and very frequently hyperplasia of the 
suprarenal cortex, in acrom^aly. The;re is, at first, an increase 
in the function of the hypophysial mechanism with its hypo- 
physial enlargement and hyperplasia of the suprarenal cortex, 
the latter increasing the function of the interstitial glands, as 
they are of mesothelial origin. Acromegalic individuals have at 
the beginning of the disease an increase of libido, and frequently 
in women an increased menstrual flow. But as this hypophysial 
secretion is a pi^^istent one, it gradually overcomes that of the 
interstitial glands with the resulting atrophy and loss of func- 
tion of the latter. Now the parathyroids, the suprarenal me- 
dulla and posterior lobe rule wii^ a free hand and there is a 
Iemp6rary increase of function. Very characteristic is the ab- 
normal amount of hairiness seen in acromegalics; this is con»d- 
ered as due directly to the increased parathyroid function and 
t>nly indirectly to the suprarenal cortex. It must be understood 
that at the beginning of acromegaly, the increase in interstitial 
^land function produces an increase of the posterior lobe, para'- 
thyioid and supraroial medulla secretion to maintain the equili- 
brium. This is manifested by abnormal hairiness, the occur- 
rence of outbreaks of sweat, psychical excitement, epinephrin 
glycosuria, and of course the increase in mesenchymal tissues, 
which are sensitized by the posterior lobe. As the disease per^ 
eists, the antagonizing action of the interstitial glands is gradu- 
ally being overcome so that atrophy and loss of function is seen 
in the latter glands* The parathyroids, suprarenal and posterior 
lobe functions decrease so that finally there is noted pigmenta- 
tion, muscular asthenia, etc. Since the suprarenal cortex is 
hyperplastic, the fact that the eidiemal genitalia are increased in 
dimensions is not at all surprising. A hypertrophy of the thy- 
roid gland in acromegaly is also a condition easily understood. 
I>eliUe(156) and Renon showed that following repeated injec- 
tions of hypophysial extract there was a hyperplasia of the 
suprarenals. 

In hypophysial dystrophy there is found depositions of fat, 
an inhibition of development of the genitalia and secondary 
sexual characteristics such as hairiness, voice changes, etc. The 
pathology is found in the glandular hypophysis. Since the 
hypophysis is primarily affected, the whole hypoph3^al mechan- 
ism function is interfered with. The suprarenal cortex, there- 
fore, also shares in the hypofunctioning as part of this mech- 
anism. The mesothelial structures, the ovaries, testicles, uterus, 
prostate, etc., therefore, do not develop, and because of this the 
secondary sexual characteristics do not appear. Men have no 
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beards, and the voice does not ehange. Menstraation and ovula- 
tion fail to appear. Frequently, the testicles fail to descend. 
Falling out of the hair (parathyroid function) is not uncom- 
mon. There is, in conjtradistinction to the early stages of 
acromegaly, an abnormally high carbohydrate tolerance. During 
youthful years, if the disease appears then, there is an inhibi- 
tion of growth and ossification. This is due to the hypophysial 
dysfunctioning. 

The hypophysis controls the only pronounced instance of em- 
bryonic development remaining in adult life, namely, oogenesis 
and spermatogenesis. (170) Rupture of the Graafian follicle is 
brought about by disappearance of the blood-vessels and lym- 
phatics and a fatty degeneration of the cells of the membrana 
granulosa and discus proligerus. On reaching maturity the fol- 
licle bursts, discharging its contents containing, beside^ the 
liquor f olliculi, the ovum. Following this, the corpus luteum is 
formed. The mesenchymal structures, such as the fat, blood- 
vessels, blood (in part), lymphatics, etc., are under posterior 
lobe control and during menstruation there is a degeneration of 
these structures in the ovarian follicles and uterine endome- 
trium. Theoretically, then, its (posterior lobe) function must 
be inhibited. During the premenstrual period the thyroid and 
hypophysial mechanism are active, as the thyroid and hypo- 
physial enlargements tend to show. The hypophysis has been 
shown to be enlarged during menstruation. Seven to nine days 
before menstruation the blood pressure is raised and falls again 
with the beginning of the flow. The glycosuric action of adren- 
alin is increased. There is also recorded an increase in the 
polymorphoneuthrophiles, all this pointing towards posterior lobe 
hyperfunctioning. The suprarenal cortex increases in size in the 
premenstrual and before rut periods of animals. There is like- 
wise noted an increase in the reflex excitabihty and an increase 
in the mental alertness. Falta(17l) thinks many of these 
manifestations point to an increased function of the chromaffin 
tissue. Halban(172) believes that there is an increased growth 
of any beard that may be present. This is ascribed to parathy- 
roid increase. 

While the thyroid and hypophysial mechanisms are increas- 
ing their function at this time, tiie suprarenal cortex being part 
of the latter mechanism, increases its function (as demonstrated) 
and sensitizes the interstitial glands with greater vigor. How- 
ever, as has been assumed, the latter gl^ds are antagonistic 
to these mechanisms, and the sensitizing action of 'the posterior 
lobe (as well as the parathyroids and suprarenal medulla) is 
held in check. Its action on the blood vessels, lymphatics, etc., 
is interfered with, resulting in degenerative changes in the fol- 
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liele. Such changes also take place in the uterus. With the 
bursting of the follicle comes the ovum, followed by the corpus 
luteum, containing the antagonistic substance. If the hypothe- 
sis is correct, then certain clinical changes in the tissues sensi- 
tized by these mechanisms will become manifest at this time. 
Note the pigmentation of the areolae, "circles" under the eyes, 
and acne menstrualis, occasional changes in mentality, as proof 
of this antagonistic action. When the corpus luteum disap- 
pears, the Siyroid and hypophysial mechanisms again go 
through the same cycle. Ovulation and menstruation can, ac- 
cording to this, be independent of one another. Fraenkel(173) 
has taken the view that the retrogression of the corpus luteum 
gives rise to menstruation. 

It may be safely assumed that in the ninth month of preg- 
nancy, and more particularly during labor, that the posterior 
lobe secretion is becoming the more active. This is clinically 
manifested during labor by uterine contractions, which are due, 
it is thought, to the action of posterior lobe and suprarenal 
medulla. The addition of the fetal hypophysial and supra- 
renal medulla secretion is undoubtedly a factor in bringing on 
labor. McCord's experiments seem to support this. "Physio- 
logic reactions characteristic of extracts of pituitary and su- 
prarenal gl^ids were obtained by McCord from bovine fetal 
glands during all developmental stages in which the microscopic 
recognition of the glands is possible. For the pituitary gland, 
this period is from the eighth week to full term. The presence 
of the active principles of these glands at so early a develop- 
mental period suggests that the fetus in utero may be under 
the influence of its own internal secreting glands as well as the 
maternal glands." (174) 

It would seem very probable that when the amount of 
suprarenal medulla and posterior lobe secretions were in excess, 
i.e,, at the end of pregnancy, then contractions of the uterus 
begin and expulsion of the fetus and placenta results. The 
physiologic action of posterior lobe extract during labor is well 
known, as is the action of the suprarenal medulla secretion on 
the sympathetic fibers of the uterus. 

During the ninth month of pregnancy and during labor a 
hyperleucocytosis is present. Baer,(175) in his summary, says 
there is a leucocytosis of pregnancy appearing in the ninth 
month, slight in amount and especially noticeable in primiparae. 
Tl]^ leucocytosis of labor is marked in primiparae, averaging 
18,250, and is increased by a duration of labor beyond twenty- 
four hours. This is mentioned because in this hypothesis the 
posterior lobe has been assumed as controlling the bone mar- 
row, lymph glands, spleen and blood in part. Its secretion, as 
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mentioned previously, is very active during the ninth month 
and especiaUy during labor. 

As further evidence that such is the case, may be mentioned 
the fact that amenorrhea is usually present during lactation. 
Since the hypophysial mechanism is the controlling one during 
labor and puerperium, it would seem that carbohydrate and fat 
metabolism are increased during these periods. In support of 
this view is the fact that milk is secreted which contains seven 
per cent sugar and four per cent fat. The process of involu- 
tion is one of fatty degeneration, absorption, and atrophy. If 
the hypothesis were correct, i,e., posterior lobe secretion in ex- 
cess, then it can be understood how this fatty degeneration and 
atrophy takes place. The corpus luteum secretion is absent and 
held in check by the posterior lobe secretion. The following is 
also interesting and has the same explanation: ^'It is known 
that in connection with involution the uterus becomes smaller 
at one period thim even the nonparous organ, and that it under- 
goes regeneration either during or after the lactation period. 
If the uterus is studied microscopically during this period, the 
muscular fibers are seen to have undergone atrophy, while the 
usual fatty changes of involution are also in evidence. The 
part played by the ovaries in this connection is not known.*' — 
Edgar. (176) 

As syplulis is a frequent cause of abortion, it may be inter- 
esting to see how expulsion of the fetus is produced. The 
spiroekoeta pcUlida (treponema pcUlida) produces toxins. This 
causes an activation of the thyroid mechanism. It has been 
noted that the syphilitic toxin destroys the ovum, and naturally 
the antagonizing corpus luteum secretion is lost, and thus the 
suprarenal medulla and posterior lobe secretions are the eon-> 
trolling factors, resulting in uterine contractions. The secretion 
of mitt: comes in following either a nine months' pregnancy or 
an abortion; this has been observed as early as the second 
month of pregnancy. 

The following extracts from Falta(177) tend to support the 
above remarks: ^^The extirpation of the ovaries, other than dur^ 
ing pregnancy, may increase the existing secretion of milk, 
while, as is known, the occurrence of menstruation (ovaries 
active) during lactation inhibits the secretion of milk and in- 
deed in the premenstrual period, and also that amount of its 
solid constituents, especially the casein, the fat and the salts 
are diminished (N. Davis). Halban, therefore, concludes that 
the ovary is growth-inducing and secretion-inhibitory on the 
mammary glands, just as is the placenta, only less so." Sur^ 
geons are aware that too much handling of the adnexa while 
operating will result in an abortion or miscarriage during preg- 
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nancy. This destroys the corpus luteum. The blood of the new- 
bom shows a leucocytosis, and in some even a secretion of 
colostrum is present as well as signs of epithelial proliferation. 

At the cHmacteric, the interstitial glands atrophy and theo- 
retically an increase in the tissues sensitized by the thyroid and 
hypoph3^ial mechanisms should take place. Acromegalic fea- 
tures, hair growth, and a masculine habitus are often seen. 
The voice may become deeper in pitch. Adiposity pf the women 
at the climacteric is very common. Psychical irritability, hot 
flashes, etc., are part of the symptoms. Psychoses of different 
types are prone to make their appearance. The fact that many 
of these symptoms (hot flashes, etc.) are relieved by corpus 
luteum extract favors this antagonistic view. 

It may not be amiss at the present to say that it is when the 
sexual gland function is diminished or absent (climacteric) that 
tumors are prone to make their appearance, for the antagonistic 
secretion is then lost. If, of course, it can be proven that the 
th^Toid and hypophysial mechanisms control the cells, as stated 
in this hypothesis, then it would be reasonable to suppose that 
they are in some way connected with the abnormal growths of 
these cells. However, the tumor and ductless gland problem 
will be left for a later discussion. 

The combination of tetany and osteomalacia is a very fre- 
quent one, and this tends to lend support to the hypothesis and 
likewise the antagonistic action between the interstitial glands 
and the posterior lobe. Since osteomalacia occurs almost exclu- 
sively in women and in the overwhehning majority of cases dur- 
ing pregnancy, the hypothesis would seem to be especially ap- 
plicable here. The ovaries have been regarded as being respon- 
sible in some way for osteomalacia. It is generally conceded 
that the ovaries are too active in this disease. If such is the 
case, then the interstitial gland secretion inhibits the action of 
the parathyroid's, posterior lobe and suprarenal medulla's secre- 
tions to too great an extent. ^The action, then, of the parathy- 
roids on the anterior lobe is lessened and the action of the pos- 
terior lobe on the mesenchymal cells is also lessened, resulting 
in the softened bone. The combination of tetany and osteo- 
malacia should then be not at all infrequent. Note also that 
pregnancy and menstruation are predisposing causes for both 
osteomalacia and tetany. Furthermore, castration leads very 
often to a rapid and complete cure or at least to an amelioration 
of the symptoms. Mobius(178) reports a case of Basedow's 
disease that later developed myxedema and then had puerperal 
osteomalacia. (Thyroid and hypophysial mechanism exhaus- 
tion T) 

As further proof of the inhibitory and antaironistio aetion 
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of the corpus luteum on the glands mentioned, it is noted that 
the glycosuric action of adrenalin and also its action on the 
heart and blood vessels is lessened. Pituitrin has exerted a 
favorable influence on osteomalacia. Pal observed that extracts 
of the anterior lobe influenced osteomalacia favorably. 

Menstruation, as mentioned, is found to be a predisposing 
cause for tetany. Krabbe(179) reports a case in which tetany 
occurred during menstruation, and this was relieved by implan- 
tation of parathyroids into the tibia. This has been questioned 
by some writers, however. It was previously mentioned that 
the parathyroids control hair development. Falta(180) ascribes 
hair development to the suprarenal cortex, a point with which 
this hypothesis does not agree, as the cortex only involves hair 
deiyelopment secondarily through its control of the sexual glands, 
which are antagonistic and as said, stimulating thereby, to the 
other ductless glands. Puberty is the ideal time for such a 
study. 

Sabourand,(181) who has studied for twenty years the 
pathology of the scalp, believes that falliiig of the hair and its 
growth are linked with physiologic genital development. He 
says that children, women and eunuchs never become bald like 
men. Certain affections of the scalp, developing exclusively in 
children, such as tinea tonsurans, always subside at puberty. 
The adult scalp seems invulnerable to this form of tinea. Fur- 
thermore, he says, "Aristole asked centuries ago why men alone 
become bald." 

Theoretically, the answer to the latter would be as follows: 
''Man has not the problem of menstruation to deal with, and 
has not, therefore, the same equihbrium between the testicular 
secretion and ♦the parathyroids, suprarenal medulla and posterior 
lobe, as a woman. She has the corpus luteum, the antagonizinjg 
secretion to deal with each month, and in turn, therefore, this 
calls forth an increased amount of parathyroid, suprarenal me- 
dulla and posterior lobe secretions. In other words, the rela- 
tive amount of her secretions is much- greater than that in a 
man. It is, however, the parathyroid which controls the hair 
development. Children do not become bald because the testicles 
and ovaries have not developed, therefore the antagonistic secre- 
tion on the glands as mentioned is not present. For the same 
reason eunuchs do not become bald, for the parathyroids have 
no antagonizing secretion to deal with and sensitize the skin and 
its appendages unhindered. 

It will be recalled that in acromegaly there is an extensive 
hair development. Not alone in normal places does the hair be- 
come thick, but in abnormal situations. Hair on the trunk and 
extremities becomes very dense. The transitory increase of in- 
terstitial gland function followed later by an atrophy is, as will 
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be recalled, part of the disease. The temporary increase calls 
fortji more parathyroid, suprarenal medulla, and. posterior lobe 
secretions. Since, the interstitial glands atrophy, the latter for 
a time, at least, sensitize their structures (as the hair), unhin- 
dered, resulting in the symptoms previously described. 

Alterations in function of the thyroid gland and goiter are 
frequent occurrences. Slight hyperthyroidism in acromegaly is 
a common feature. Magnus-Levy (182) and Salomon (183) have 
recorded several cases and called special attention to this. This 
would again tend to show that an increased thyroid mechanism 
function results in an increased hypophysial mechanism func- 
tion, as the hypophysis is under thyroid control, being of ecto- 
dermal origin. Theoretically, if this hyperthyroidosis should 
continue, then the hypophysial mechanism increase should also 
continue. This statement is borne out, for in the latejr stages of 
acromegaly (hypophysis not active), myxedematous symptoms 
appear very frequently. Glycosuria is, as stated previously, 
common in acromegaly. Case reports of this are numerous (see 
Falta). Improvement of myxedema symptoms are produced by 
thyroid feeding and uninfluenced by hypophysis feeding. 

The difference in the equilibrium maintained between the 
sexual glands and other ductless glands in the female and male 
is present from birth, as clinically shown by the fact that girls 
walk and talk earlier than boys. A girl reaches womanhood 
sooner than a boy does . manhood. Experimental work also 
proves this difference. Falta (184) says, "According to this we 
would expect that when the sexual glands are extirpated in a 
not yet fully developed animal and the sexual glands of the op- 
posite sex are implanted in this animal, the original predis- 
position would come to development even then. Steinach has 
followed this method. He implanted ovaries into previously 
castrated young males of guinea-pigs and rats. The transplants 
'took,' and not only the interstitial glands developed, but also 
the primary follicles with normal ova, and there occurred in en- 
tirely normal manner the formation of atretic follicles of cor- 
pora lutea. In these animals not only did the penis cease de- 
veloping, but it was even set back in its development. If a 
tube and a piece of the uterus were transplanted with the ovary, 
these developed to mature organs. Moreover, there came about 
an enormous development of the mammary glands, that in form 
and size were entirely like those of normal females, and indeed 
even exceeded them in size. Furthermore, the animals remained 
behind in growth; the body showed proportioning of the female; 
also the growth of hairs and the layer of fat showed the texture 
of that of females. And there was a reversal of the psychical 
characters." 
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It may be concluded if these experiments of Steinach's are 
correct; that the sexual equilibrium in the male is changed 
through the transplanted ovarian tissue, thus strengthening the 
hypothesis advanced. As Cherau,(186) a French physician, 
said, "Propter ovarium solum muUer est quod est,'' and as 
Virchow(186) said, "Das Weib ist eben Weib durch seine Gtene- 
rationsdriise. AUe Eigentiimlichkeiten seines Korpers und 
Geistes — kurz alles, was wir an den wahren Weibe, Weibliches 
bewundem und verehren, is nur eine Dependenz des Eier- 
stockes." According to the hypothesis, the determining sex factor 
would lie in the relation of th6 corpus luteum or interstitial cells 
of the testicles and the suprarenal medulla, parathyroid and 
posterior lobe secretions. The latter, in turn, sensitize their re- 
spective tissues. In other words, the equilibrium maintained be- 
tween the ductless glands is the determining factor. The results 
of menopause, acromegaly and castration show that these 
women have a tendency to masculinity. On the other hand, 
eunuchs and males, with deficient testicular secretion have cer- 
tain feminine characteristics. Such changes are apt to be more 
pronounced the earlier this deficient or absent testicular secre- 
tion manifests itself. 

What determines that a fetus will be a male or female or 
possess some of the elements of both is to be considered in rela- 
tion to the hypothesis. As previously stated, the experiments 
of McCord'have shown that the active principles of suprarenal 
and pituitary secretions are present in the fetus and that the 
fetus in utero may be under the influence of its own secreting 
glands as well as the maternal glands. The sex would be deter- 
mined by the amount of sexual glandular secretion in the fetus 
derived from the maternal glands. Perhaps the thyroid and 
hypophysial mechanism secretions of the fetus plus the maternal 
gland secretions swing the balance one way or the other. The 
amount of thyroid and hypophysial mechanism secretions of the 
fetus plus the maternal gland secretions, if in large amounts, 
would result in a female, while the lesser secretions would pro- 
duce a male. In another way, it may be said that if the thyroid 
and hypophysial mechanism secretions, which are antagonistic to 
the corpus luteum, are lessened in the fetus, a male will be pro- 
duced, whereas the greater activity of these secretions in the 
fetus results in a female. 

Cases of true hermaphroditism are not known in man, but 
cases simulating both sexes are not at all unconmion, that is, 
hermaphroditus spurius. In these individuals, either one or the 
other sex predominates. If cases of true hermaphroditism did 
exist in man, that is, that every male and female element was 
present and functionating, then the hypothesis advanced would 
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not answer. But it has been assumed in these cases of her- 
maphroditism spurius; that the antagonizing sexual secretion 
and thyroid and hypophysial mechanism secretion balance has 
been upset some time in intrauterine Ufe, that is, if the secre- 
tions were of greater amount and intensity, the female element 
was predominating and the female character was developing, 
and later this is upset so that it is lessened throughout the rest 
of intrauterine life and this gives rise to the male organs and 
character. That this is probable is shown by embryological 
facts in man, for the MuUerian tract leaves remnants in its 
cranial and caudal ends, in what are known as rest forms of 
Hydatide and as the uterus mascuhnus. It can be deducted 
therefrom that every fetus is potentially bisexual, and the sex 
is determined by the interrelationship of the ductless glands. 
The different varieties, combinations and degrees of pseudo- 
hermaphroditism are determined by the amount of secretions 
and the length of time they are predominating. In summary it 
may be said that the sex is determined by the amount of thyroid 
and hypophysial mechanism function and its relation to that of 
the ductless gland secretions of the mother. 

There still remains to be discussed in relation to the present 
work, the function of the thymus gland. It is generally con- 
ceded that this gland is concerned with the formation of blood 
cells. Its action is supposed to be present only during early 
life. Some observers claim it is active only during intrauterine 
life; the majority, however, come to the conclusion that its 
activity is seen until the time of puberty. Hammar has found 
that the average weight of the gland at birth to be 13.26 gms., 
and that the weight increases up to puberty, averaging 37.52 
g^ms. between the ages of eleven and fifteen. It gradually di- 
minishes from that age on. 

The gland is composed of two lateral lobes. Each lateral 
lobe is composed of numerous lobules held together by delicate 
areolar tissue, the entire gland being enclosed in an investing 
capsule of similar but denser structure. The primary lobules are 
made up of small follicles which are irregular in shape and are 
more or less fused together, especially toward the interior of the 
gland. Each follicle consists of a medullary and cortical por- 
tion, which differ in many essential particulars from each other. 
The cortical portion is mainly composed of lymphoid cells sup- 
ported by a delicate reticulum. The medullary portion contains 
few lymphoid cells, but there are especially toward the center 
g^ranular cells and concentric corpuscles. 

From a study of the subject, it has been concluded that the 
cortical portion is concerned with a hematopoietic function, 
while the medullary portion has an antagonistic and inhibitory 
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action on the thyroid and hypophysial mechanisms. Through 
its action on the suprarenal cortex, it holds the development, of 
the sexual organs in check. 

The antagonistic function of the thjnnus will first be consid- 
ered. If the thymus is removed very early in life, naturally its 
antagonistic action is lost and at this time the thyroid, hypo- 
physial and sexual systems do not respond as in later life, that 
is, there is no exciting stimulus in infancy as at. puberty and 
later. On this account the function of the thyroid and hypo- 
physial mechanisms is lessened instead of increased, as it is 
found when the testicles or ovaries are removed in later life. 
The results of thjnnectomy, as ^found by experimenters, is not 
very uniform. Among the symptoms resulting from this, are a 
delayed gro^h, ossification of bones is retarded, while callus 
formation following fractures is delayed, the skin becomes soft 
and pasty, there is a marked increase in the peripheral nervous 
excitability (Chvostek's sign in tetany), muscular tremors are 
present, there is loss of weight, cachexia, a diminished intelli- 
gence, indolency and idiocy. Basch,(187) Hart, Nordmann,(188) 
Klose and Vogt(189) seem to have found these findings as con- 
stant. 

If the hypothesis be correct, then there should be noted 
changes of a hyperplastic nature in the sexual glands, for the 
thymus is antagonistic to the suprarenal cortex, which is a link 
in the hypophysial chain. Paton(190) found that thymectomy 
caused a rapid growth of the testicle, while involution of the 
thjnnus occurred especially early in breeding animals. Since 
the thymus is absent, there results an increase of the suprarenal 
cortex function, as evidenced by hypertrophied testicles and 
ovaries (Bartel(191) and Hermann. (192) Quite naturally, 
then, the thyroid and hypophysial mechanisms should also in- 
crease their function. It must be remembered, however, that the 
sexual glands have reached their maturity before the natural 
time, and this on the other hand results in a too mature produc- 
tion of active secretion which is antagonistic to the parathyroids, 
suprarenal medulla, and posterior lobe secretions, thus holding 
the action of the latter glands in check. The cells sensitized by 
these various secretions show this inhibitory action, such as, for 
example, the increased excitability of the peripheral nervous 
system (Basch), delayed dentition, diminished intelligence, 
idiocy, indolency, soft, pasty skin^ and the lack of ossification. 
On the other hand, the fact that involution of the thymus oc- 
curred rapidly in animals used for breeding purposes is to be 
ascribed to the fact that here the active corpus luteum in these 
older animals calls forth the secretions from the parathyroids, 
suprarenal medulla, and posterior lobe. 
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The embryology of the thymus has been more or less in 
doubt; but quite recently, through studies on this problem, Ham- 
mar, (193) Maximow(194) and their followers have come to the 
conclusion that it is an epithelial organ with a proliferation of 
lymphocytes derived from the mesenchyme. The latter make 
up the greater part of the thymus. His (195) and Stieda(196) 
adhere to the assumption that there is a secondary ingrowth of 
mesodermal pictures. This would make it belong to the lym-' 
phatic apparatus. Falta(198) believes it to be of endodermal 
origin. He says there is a "symbiosis of cells of the different 
germinal layers.'* The reticulum is the epithelial structure and 
assists in forming the so-called HassaFs corpuscles. Pappen- 
heimer(199) in a recent article says that "morphologically the 
small thymus cells are identical with lymphocytes to the last de- 
tail. Their complete independence of the epithelial constituents of 
the gland has been demonstrated in tissue cultures by the writer 
and by Wassen." Furthermore, he says that he has been able 
to prepare a cytotoxic serum by immunizing rabbits with thymus 
lymphocytes, and this serum both agglutinates and cytolizes 
suspensions of lymphocytes. "On the whole, therefore, we may 
regard it as assured that the thymus is a lympho-epithelial 
organ in which the two types of structures co-exist in the most 
intimate relation." 

From such a study, then, it may be assumed, as stated in the 
hypothesis, that the medullary portion is probably of epithelial 
origin, while the cortical portion is derived from the mesen- 
chyme. Hammar(193) has also shown that the thymus grows 
progressively until sexual maturity is reached. As to whether 
the thymus is essential to life is still open to question; some 
(Klose, Vogt,(189) Flesch and others) hold that it is, while 
on the other hand, others (Nordmann,(188) Pappen- 
heimer(199)) think that it is not. Be that as it may, there is 
no question that it is related to the ductless gland system and 
has a reciprocal relation. The thymus is related to the sexual 
organs, as abundantly proven by various experiments. 

If the thymus is of Ijnnpho-epithelial origin, as has been 
claimed, then it would be affected in diseases of the thyroid and 
hypophysis, for the epithelial structures are under the control 
of the thyroid, while the blood-forming system is controlled by 
the hypophysis (posterior lobe). This is apparent around the 
age of puberty, for before this time in infancy particularly, the 
medullary portion (regarded as being of epithelial origin) is 
antagonistic to these mechanisms. Enlargement of the thymus 
should be not uncommon, then, in diseases of the thyroid and 
hypophysis. Its frequent enlargement in exophthalmic goiter 
is well known. It is also seen in acromegaly. The results of 
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thymus dysfunctioning are to be looked for before or during 
the period of puberty. Since it is established that the thymus 
is related to the sexual development, then at puberty, as stated, 
pathological conditions due to hyperactivity will become mani- 
fest. A few experiments will suffice to show that the thymus 
is related to sexual development. Soli (200) found following 
thymectomy a deficient or absent spermatogenesis in the testi- 
cles of rabbits and guinea-pigs. Klose and Vogt(201) found a 
transient hypertrophy of the testicles followed by atrophy. 
Here, of course, the reciprocal relation between the thyroid and 
hypophysis has been destroyed and in this instance the hypo- 
physial mechanism (suprarenal cortex) increases its function. 
But the relation is destroyed, resulting in a lessened activity 
with a resulting atrophy of the testicles. Hewer (202) found 
that irradation of the thymus caused a degeneration in the 
testicles. Fulci(203) found that pregnancy accelerated involu- 
tion of the thymus, while Bomprani(204) noted that lactation 
inhibited regeneration of the thymus. It will be recalled that 
the th3n:oid and hypophysial mechanisms are the controlling 
secretions during lactation. 

As previously stated, diverse results are reported concerning 
the effects of thymectomy. It seems established, however, that 
an effect is constantly seen on the sex glands. Henderson (205) 
reported that early castration caused a further of the thymus 
and a prolonged or delayed involution. Paton(206) claims that 
thymectomy in sexually immature animals leads to' a rapid 
growth of the testicle. The hypotheses advanced wduld be in 
accord with these findings, for as stated the medullary portion 
of the thymus is antagonistic to the hypophysial mechanism 
(suprarenal cortex), which controls sex development. Since the 
sex glands, while inhibitory to the thjnroid and hypophysial 
mechanisms, through their action call forth secretions from the 
latter mechanisms, then it can be understood why castration 
prolongs and delays involution and in fact results in thymus 
hyperplasia. And on the other hand, thymectomy results in a 
rapid growth of the testicle in sexually immature animals be- 
cause the antagonistic infiuence of the thymus is lost, resulting 
in a hyperplasia of the testicle. Theoretically, this would be 
followed by atrophy, especially in very young animals, as the 
stimulating antagonistic secretion is lacking. The best results 
would apparently be found in very young animals. 

Speaking for the mesodermal origin of at least a portion of 
the thymus is the fact that in some fishes the thymus is the only 
organ producing lymphocytes. If such is the case, that the 
cortical portion of the thymus is of mesodermal origin, then the 
haematopoietic organs are the bone marrow cells^ the spleen, 
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the lymphatic apparatus, and the cortical portion of the thymus. 
According to Hammar (Keibel and Ball(207)), "the thymus 
is from the beginning a paired organ and it remains so per- 
manently; neither fusion of the two anlagen by transverse con- 
nections nor a complete division into several lobes occurs." In 
Keibel and Ball's "Embryology," the statement is made that 
"authors are agreed only as to the epithelial origin of cellular 
reticulum and of Hassall corpuscles. The chief elements of 
the organ, however, the small thymus cells, have been regarded 
either as immigrate cells and therefore as thymus lymphocytes 
(more recently especially by Maximo w and Hammar) or as 
modified epithelial elements (among recent authors chiefly by 
Stohr).(208) 

In reviewing the subject on the embryology of the thymus, 
the summary of the majority of the authors, then, is that this 
organ is of lympho-epithelial origin. A hyperplasia of the 
thymus would not be an infrequent condition in hyperfunction- 
ing of the thyroid and hypophysis. In the latter conditions, 
mononucleosis should also be the rule, and so it is found. The 
lymphocytosis of exophthalmic goiter is very well known. In 
acromegaly, Sabrozes and Bounes,(209) Messedaglia,(210) 
Rath, (211) Exner,(212) and many others have found lympho- 
cytosis. Since the cortical portion of the thymus is part of the 
haematopoietic apparatus, the lymphocytosis of infants is easily 
understood. What would seem to be further evidence in favor 
of an antagonistic action between the thymus and thyroid mech- 
anism is the statement of Falta(213) to the effect that the 
thyroid is essential for the development of the hematopoietic 
process and that in infantile myxedema the involution of the 
lymphatic apparatus is deficient. 

It seems likely from an embryological and clinical study 
that the cortical portion of mesenchymal origin works in con- 
junction with the hematopoietic apparatus, namely, the lymphatic 
glands, spleen, bone marrow, while the medullary portion with 
its reticulum is antagonistic to the th3nx>id and hypophysial 
mechanisms. Clinical studies, then, should either support or 
disprove the tenabilty of such a theory. Take for instance 
thymico-lymphaticus. In this disease, the individual possesses 
a weak constitution; the lymphatic glands, such as the tonsils, 
the lymphatics of the tongue, intestines, stomach and spleen, 
are all hyperplastic. The bone marrow is very red, and the 
thymus is very much enlarged. Accompanying this there is a 
hypoplastic aorta and heart, and peripheral blood vessels, a col- 
loid degeneration of the thyroid, and a delicate bone structure. 
To this must be added a hypoplastic condition of tho. genitals, 
a narrow vagina, an infantile uterus, anomalies of menstruation 
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in the female, and an infantile type of genitals in the male. 
Theoretically, the cortical portion of the thymus stimulates the 
hematopoietic apparatus, while the medullary portion holds the 
thyroid and hypophysial mechanisms in check. In ^is disease, 
as reported by Wiesel and Hedinger,(213) there is regularly 
found a slight development of the chromaffin tissue. Since the 
posterior lobe is also held in check, then the heart, aorta and 
peripheral blood vessels are under-developed, as are the bones. 
Here would seem to be a contradictory statement, for the 
lymphatics are of mesenchymal origin, and therefore the lym- 
phatics and spleen should be hypoplastic. However, it would 
seem that only the hematopoietic portion of the mesenchyme is 
hyperplastic while the rest is hypoplastic. Judging from the 
study of the subject, it 'is assumed that the cortical portion of 
the thymus and hematopoietic portions of the mesenchymal tis- 
sues are in a direct relationship, and the hematopoietic portion 
of the mesenchyme reflects the condition of cortical portion of 
the thymus. Mononucleosis should be the rule in these cases. 
E2q)lainable also is the mononucleosis of the eunuchoid indi- 
viduals. Here the under-developed sex glands are not func- 
tionating properly, permitting a persistency of the thymus. 

In favor of an antagonistic action betewen thymus and thy- 
roid and hypophysial mechanisms are the following facts: In 
thymectomized young dogs there is seen a marked change in the 
osseous system. The bones about two to three weeks following 
the extirpation are softer and more pliable than the control 
animals. The gait is unsteady. The hind extremities are weak 
and thin. The animals are indisposed and are inclined to rest 
on their hind legs more so than the control animals. Later the 
fore extremities become curved, and the whole growth is re- 
tarded. The psyche and intelligence is dimini^ed, and the 
sexual glands are small. Basch(187) proved the osseous 
changes by fracturing the hind legs of thymectomized and con- 
trol animals living under the same conditions. In order to break 
the operated dog^s legs, less force was necessary than used in 
the control animals. Very early (five to seven days) the differ- 
ence of callus formation appeared. The operated dogs had 
very much less callus than the control animals.' This was still 
present several weeks following. Rontgen rays also proved this 
to be the case. The difference was more marked in younger 
animals. When thymus rests were still present in some of the 
animals, the differences noted were less marked. Furthermore, 
Sommer and Floerken(214) reported that there is roughening 
of the coats in thymectomized animals. Basch(215) has shown 
that thymectomy in young dogs results in galvanic irritability 
in the peripheral nervous system. This irritability of the 
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peripheral nervous system was much less when thyro-parathy- 
roidectomy was also performed on these animals. Injections of 
calcium salts into the cerebral cortex of thymectomized animals 
lessens the peripheral irritability, according to Sabatani.(216) 
Basch(187) thinks tetany of infants is due not alone to the 
parathyroids, but to all the bronchiogenic organs. Biedl(217) 
says, however, that many of the suckling animals have parathy- 
roid bodies in the thyi^us and ascribes the tetany to their 
extirpation. 

Thymectomy, then, theoretically results first in an increase 
of the thyroid and hypophysial mechanism and later in a de- 
crease of their secretions with the clinical manifestations of bone 
cartilage, sex glands, blood, hair, peripheral nervous excitability, 
psychic changes, and cliromaffin system hypoplasia. Clinical 
evidence should afford proof of such a theory. Rachitis fre- 
quently precedes and accompanies lymphatism, as does tetany 
(hyperplastic thymus). 

Since chlorosis almost always makes its appearance at the 
time of puberty or during the maturation time of the female 
organism, it is necessary to say a few words in regard to this 
disease. Diseases in the genital sphere are found almost con- 
stantly. At this time of the female development, all the duct- 
less glands are functionating actively. It seems quite reason- 
able to assume that some of the ductless glands are not^ equal 
to the task or that the sexual glands are too active, thus inhibit- 
ing the thyroid and hypophysial mechanism action. Horo- 
witz (218) believes that the disease is due to a disturbance in the 
reciprocal action of the ductless glandular system. According 
to Tandler,(219) V. Noorden(220) and others, there is found in 
some families simultaneous occurrence of chlorosis and prepubital 
eunuchoidism. Hastings Gilford (221) reports a case of childish 
gigantism with sexual prematurity and chlorosis. This case was 
observed between the second and eighteenth years. The child's 
menstruation began at the age of thirteen months and was 
irregular until the eighth year. At the thriteenth month a rapid 
growth of the whole body took place, and at three and one-half 
years her development as shown by x-ray plates of hand cor- 
responding to that of an eight-year-old girl, while the seinial 
development of that of a thirteen to fourteen-year-old child. 
From the sixth to the twelfth year she was treated for chlorosis. 
Her intelligence remained somewhat behind. According to the 
hypothesis, the thymus gland would be in a hypoplastic state, 
thus permitting the thyroid and hypophysial mechanism to de- 
velop too early. That the hypophysial mechanism is function- 
ating prematurely is shown by the excessive bone development, 
and since the suprarenal cortex is a link in this mechanism, the 
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mesothelial structures would mature too early, as seen by the 
premature sexual development. This premature sexual develop- 
ment leads to an early antagonistic action of the ovarian in- 
ternal secretion on the suprarenal medulla, posterior hypophysis 
and parathyroids, thus inhibiting their action after a time. The 
lowered intelligence (medulla) and the presence of chlorosis 
speak for such an action. Falta(222) assumes an exhaustion 
of the ductless glands through premature sexual development. 
All in favor of an antagonistic action 6n the thyroid and hypo- 
physial mechanisms would be the hypoplastic conditions of the 
arteries, the poikilocytosis, the high carbohydrate tolerance, 
the relatively small heart, the hypoplastic condition of the 
chromafOn system, the low blood pressure, pigmentations of the 
skin, psychic changes, the small uterus, the small external geni- 
talia. A hyperplastic thymus would explain the production of 
these symptoms. Virchow(223) said there was a congenital 
arrest in the development of the aorta and larger -arteries as 
indicated by their small size, their soft and elastic walls in 
chlorotics. He ascribed the disease as due to the non-develop- 
ment of the vascular system. Unfortunately, there are but few 
post .mortems on chlorotics, so that the condition of the thymus 
is not definitely known. The blood, in part, the vascular sys- 
tem, the bone marrow, lymphatics and spleen, are all mesen- 
chymal in origin, and blood changes should occur. It is further 
to be mentioned that the heart muscle is softened. The hypo- 
plasia of the arteries and genitals is congenital, thus speaking 
in favor of an early inhibitory action. There is also noticed in 
chlorosis a certain muscular weakness which cannot be ex- 
plained alone by the poor blood condition, as people with a higher 
and severer grade of anemia do not ^ow as much muscular 
weakness in proportion. Myasthenia gravis has been ascribed 
as due to a persistent thymus. Psychic changes such as craving 
for innutritions articles of food, such as seen in pregnant wom^n, 
is also present. Constipation is the rule. In reviewing the 
pathological and cUnical evidence, it is believed that the disease 
chlorosis is due to a persistent hyperplastic thymus and the 
manifestations of it become apparent at the age of puberty when 
the ductless glands are called upon for their secretions. 

In regard to infantilism, it is believed in this hypothesis as 
being due to a persistent thymus with the resulting antagonistic 
action on the thyroid and hypophysial mechanisms. This applies 
to the cases of true infantilism as defined by Falta.(224) He de- 
fines '^a pure infantilism as a standing still at the infantij^ 
stages of development, considering especially the following fiMS* 
tors: the genitalia and the vita sexualis remain undeveloped^ or 
develop deficiently; and the same is true of the secondary sexual 
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characters, the involution of the lymphatic apparatus is defi^ 
dent, the growth is deficient, ossification that is, the appearance 
of bone nuclei and the closure of the epiphyses is delayed, and 
the childish dimensions of the body are retained wholly or in 
part; that is, the lower leiigth of the body equals the upper 
len^h or, what is commoner, exceeds it only a little; the form 
of the pelvis is neither (of the) masculine nor feminine (type), 
but infantile, ^d finally the psyche remains behind (in devel- 
opment). Such individuals show throughout no gross defect 
in intelligence, but their minds remain childish." 

Important then is to distinguish between cretinism and in- 
fantilism. In the former there are degenerative changes and 
defective development, while in the latter there are no degenera- 
tive changes but a standstill development. As stated in the 
definition, the involution of the lymphatic apparatus is defi- 
cient. It is to be emphasized then, according to this hypothesis, 
that the persistent thymus results in maintaining a permanent 
antagonistic equilibrium between the thyroid, hypophysial mech- 
anisms and its own secretion. In other words, the thymus secre- 
tion keeps the development of the cells under the thyroid and 
hypophyMal mechanism control in» the infantile stage. The 
equilibrium is of the infantile type. It does not check the secre- 
tions of these mechanisms entirely, but maintains the infantile 
equilibrium past the normal period. Naturally the sexual glands 
are not going to develop. We have therefore a co-ordinated in- 
hibition of development. Since the thymus is persistent in these 
eases, infantilism and tetany should not be rare and so .it is 
found clinically. It may be stated, then, that the functioning 
of the ductless glands in infantilism is of the "child type." 
Combinations of the hypofunctioning type of ductless glandular 
disease should not be at all uncommon in this disease, for exam- 
ple, the above mentioned infantilism and tetany, infantilism and 
rachitis, infantilism and progressive muscular dystrophy 
(hypophysial mechanism), infantilism and hypoplastic vascular 
system, infantilism and dystrophea adiposo-genitalis, childish 
psyche, etc.. According to this hypothesis, in summary may be 
said that the persistent thymus continually produces a secretion 
after its normal time of involution, which maintains the infan- 
tile equilibrium between J;he thyroid and hypophysial mech** 
anisms, thus preventing their respective cells from maturing 
as in the normal adult. 

In contrast to infantilism is the disease, gigantism. There 
is a distinction between gigantism and acromegaly, but it is a 
matter of degree only. Both diseases are due to hypophysial 
changes. An attempt will be made to explain the degree of 
difference. If the hypophysis is affected before the development 
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of the sexual glands, then there results gigantism. If, however, 
the hypophysis is affected (hyperplasia) i5ter the sexual glands 
have fully developed, then acromegaly results. This is under- 
standable because the hyperplasia of the hypophysis is not being 
held in check by the sexual glandular secretion, Uius permitting 
the hypophysial mechanism to sensitize the tissues undisturbed. 
The sexual glands evidently are being held in check by the ex- 
cessive hypophysial secretion, so that the suprarenal cortex's 
action on the sex glands (as part of this mechanism) is offset 
by the former excessive action. Acromegaly always develops 
later, after the sex glands have matured and the bones have 
become more or less thoroughly ossified and therefore the height 
is proportionately lower. The degree of gigantism depends en- 
tirely upon when the hypophysis was affected, the earlier, the 
more pronounced the gigantism, and vice versa. Massa- 
longo(225) designates acromegaly as late gigantism, and Bris- 
saud(226) and Meige(227) believe that acromegaly and gigantism 
are the same disease and due to the same cause. The hypothesis 
would agree with these statements, and as before said, the relsr 
tive sizes of the individuals and bone changes are due to the 
time of sexual developmenU The sex glands then are of especial 
importance in this disease as well as the hypophysis. 

There remains to be mentioned in this article, the pineal 
gland. Reports concerning this gland are somewhat meager and 
conflicting and it would therefore be mere speculation as to its 
function. It has been deemed best, therefore, not to draw any 
definite conclusions concerning this gland. From reports 
(Ogle, (228) V. Frankl-Hochwart,(229) McCord(230) and 
others), it would seem that the gland is, perhaps, related to 
sexual development and body growth. The gland seems to be 
active until about the seventh year. Marburg (231) is of the 
opinion that hypopinealism produces premature development of 
the genitalia; hyperpinealism produces universal obesity and 
apinealism to cachexia. Marburg has, according to Falta, given 
up the idea that hyperpinealism produces obesity. Quite re- 
cently, according to some authors, the feedings and injections 
of pineal gland substance and extract produce absolutely no 
results. It is to be noted that in Bome cases (Raymond and 
Claude) (232) there is found a hyperplasia of the suprarenal 
cortex. This would account for the sexual changes. Jor- 
dan (233) states that he could find no histological evidence of a 
glandular function of the pineal body. He believes that the 
pineal gland in sheep functionates actively only during the first 
eight months of post natal life. Important to mention is the 
fact that the hypophysis is so often encroached upon and may 
also account for some of the trophic changes noticed, such as 



DUCTLESS GLAND CELL CONTROL 71 

adiposity, sex changes; premature hair development; etc. (hypo- 
physial mechanism). Pineal gland tumors, it is to be noted, 
also result in dystrophia-adiposo-genitalis. So, in summary, it 
may be said that the function of the pineal gland is more or 
less speculative. 

As for the pancreas, only the insular apparatus of this gland 
Tvas mentioned in this article, and that in connection with the 
anterior lobe of the hypophysis. If of mesodermal origin, then 
it can be readUy understood how the anterior lobe, through 
hyperfunction, will stimulate this insular apparatus of the pan- 
creas, and vice versa, hypofunctioning wiU cause a decrease in 
its function. However, as before stated, no further elaboration 
of this important point will at present be attempted until fur- 
ther proof is secured as to the embryonic origin of the insular 
apparatus. Let the reader bear this in mind. (Hanse- 
mann(197) claims the apparatus to be of mesenchymal origin.) 

SUMMARY 

1. The thyroid mechanism, consisting of the thyroid gland, 
the parathyroids, and suprarenal medulla, control the cell de- 
velopment of the ectodermal tissues. 

2. The thyroid gland is the keystone to this mechanism and 
controls the rate of protein deamination. 

3. The parathyroids neutralize certain toxic products of pro- 
tein decomposition and likewise sensitize the cells of ectodermal 
origin with the exception of the amyelinic or gray fibers of the 
nervous system. 

4. The suprarenal medulla's secretion neutralizes certain toxic 
products of protein decomposition and likewise sensitizes the 
cells of the afnyelinic fibers of the nervous system. The action 
of the two latter glands becomes apparent, as the protein sub- 
stance is incorporated into the ectodermal cells. They are of the 
so-called Ehrlich amboceptor type. 

5. The thyroid mechanism therefore is directly related to 
protein metaboUsm. 

6. The hypophysial mechanism consisting of the anterior and 
posterior lobes of the hypophysis and the suprarenal cortex con- 
trol the cell development of the mesodermal tissues. 

7. The anterior lobe (analogous to the thyroid) is the key- 
stone of the mechanism and controls the amount of carbohydrate 
and fat metabolism of the blood. 

8. The posterior lobe (analogous to parathyroids), through 
its secretion, sensitizes the cells derived from the mesenchyme. 
It indirectly influences carbohydrate and fat metabolism by act- 
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ing as amboceptor for the end products of these as they are 
incorporated in the cells. 

9. The suprarenal cortex (analogous to the suprarenal me- 
dulla) sensitizes the cells derived from the mesothelium. It also 
indirectly influences carbohydrate and fat metabolism by acting 
as amboceptor for the end products of these metabolisms as they 
are incorporated in the mesothelial cells. 

10. The hypophysial mechanism is under the control of the 
thyroid mechanism as the hypophysis is an ectodermal tissue. 
Thyroid disease then gives symptoms in both ectodermal aiid 
mesodermal tissues, especially when the thyroid disease persists 
for any length of time. It likewise influences proteid, carbo- 
hydrate and fat metabolisms. It is therefore the most useful 
of organic extracts. 

11. The anterior lobe is sensitized by the parathyroids, the 
posterior lobe by the suprarenal medulla. 

12. The sexual glands are antagonistic to the parathyroids, 
posterior lobe of the hypophysis, and suprarenal medulla. 

13. There is a difference in the antagonizing action of the 
male and female sexual gland secretion. It is the more active 
in the female. 

14. The medullary portion of the thymus gland is antagonistic 
to thyroid and hypophysial mechanisms, and therefore holds 
the sexual glandular function in check. 

15. The cortical portion of the thymus has a hematopoietic 
function and works in conjunction with the posterior lobe on 
the mesenchymal and mesamceboid tissues of the mesoderma. 

16. The pineal gland function is a speculative one, and no 
attempt has been made to place it in the category of ductless 
glands. 

In discussing the ductless gland problem as a whole, it be- 
comes very apparent to everyone that the field of thought it 
opens up is such a broad one that only the more essential points 
can be touched upon. Quite naturally the individual who ad- 
vances a hypothesis in this field is led by his enthusiasm to apply 
it to problems with which the ductless glands have absolutely 
no relation. It is to the credit of more recent medical science 
that it has ever erred on the side of conservatism. With all due 
respect to this conservatism, it is felt that when order has been 
restored out of the chaotic mass of literature, the relation of the 
ductless glands to the embryological origin of cells will have 
found its place. While, it is true that one individual ductless 
gland is sufficient study for a lifetime, it was deemed advisable 
to outline a basis for study along embryological lines. The study 
of one of these ductless glands leads the student into all fields 
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of medicine and thus an elaboration can be carried on "ad in- 
finitum." 

It was with this thought of stimulating further research 
along embryological channels that this article was written, and 
the ultimate object of applying this, then, to the logical sequence 
of such reasoning, the problem of tumors. For, if it can be 
proven beyond question that certain of these individual glands 
are directly in control of physiological cell growth depending 
upon their origin, then it would not be unreasonable to suppose 
that they were related in some way to abnormal cell growth. It 
must be emphasized, however, that the ductless glands are in no 
way a direct cause of tumor formation, for the predisposition, 
whether produced by mechanical, chemical, metabolic or any 
other form of irritation, must be present. Certain clinical and 
empirical facts are brought to mind which gave a ba^s for such 
reasoning. It is well known and has been emphasized a few 
years ago that it is when the active sexual life ceases, that tumors 
are prone to make their appearance. Recall the statement in 
regard to the sex glands that they are antagonistic to the para- 
thyroids, posterior lobe, and suprarenal medulla, and it seems 
quite reasonable to suppose that when this antagonistic secretion 
is lessened or absent, that tumor formation in these controlled 
tissues is apt to make its appearance under certain favorable 
conditions. Of course, this does not explain the frequent sar- 
coma formation in the young, but a detailed discussion of this 
and other tumor problems would lead to too broad a field for 
the present article. Suggestive, also, are experiments which 
have shown that tumor transplants found a more favorable 
soil in rats which had been fed on a diet affecting the thyroid. 
Interesting also is the formation of fibroids in women who have 
never been pregnant. Recall again that the corpus luteum is 
an antagonistic secretion and that the pregnant woman has a 
corpus luteum in each pregnancy lasting at least four months. 
It is therefore more inhibitory and its influence on tissues no 
doubt is felt for a long period, whereas the nulliparsB, while 
possessing corpura lutea, have not the lasting inhibitory effect 
of the corpora lutea vera, of the multiparas, and therefore under 
favorable conditions the connective tissue is prone to overgrow 
in fertile soil. It is especially to be remembered the relation 
of the hypophysis to the mesodermal tissues, the sex organs, and 
likewise the lymphocytosis so characteristic of fibroids and the 
lymphocytosis of pregnancy, labor and the puerperium. Prob- 
lems of metabolism are also brought to mind whenever ductless 
glands are discussed. The glycosuric action of thyroid extract, 
brought about, according to the present h3rpothesis, through a 
stimulation of thf hypophysis, and likewise the glycosuric action 
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of adrenalin, are interesting phases of these metabolic problems. 
And so also, as example, the high carbohydrate tolerance of 
myxedmatous and cretinous individuals showing the opposite 
phase of the problem. It was endeavored, throughout the arti- 
cle, to tread upon firm ground and draw only those conclusions 
which the facts at hand wbuld se^m to warrant. 

In giving the references used in this article, the extensive 
lists compiled by Falta and Biedl were freely drawn upon and 
due credit for such must be acknowledged. Whenever possible 
the references given by these authors were taken direct from 
their bibliography. As for the other references, they are gath- 
ered from various other sources. of the voluminous literature. 

Below is given a schematic diagram to illustrate the actions 
and relations of the ductless glands. 
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*Thoae marked with an asterisk are antagonists of the sex glands. Those arrows 
running horizontaUy show the embryonic origin while those numing vertically show 
the sensitising action. 
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